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Preface 

During the last century, the number of African elephant (Loxodonta africana) declined 
dramatically as a result of over-hunting, poaching for ivory and, more recently, the 
loss of habitat area due to encroachment of the human population. In some areas, 
however, the trend to declining numbers was reversed after the elephant was placed 
on Appendix 1 of the Convention for International Trade in Endangered Species 
(CITES) and a worldwide ban was imposed on the sale of ivory. Unfortunately, the 
resulting recovery in elephant numbers within both National and privately owned 
game parks poses a threat to the survival of many other species. Indeed, when 
elephant numbers exceed the carrying capacity of a game park, the gradual 
destruction of vegetation and habitat is catastrophic and, if left unchecked, is only 
arrested when the elephants themselves begin to die of starvation. Over the last 30 
years, it became generally accepted that the best way to prevent this boom-and-bust 
scenario and, in addition keep epidemic diseases under control, was to maintain 
elephant numbers below the carrying capacity by culling. During the 1990s, however, 
popular opinion turned against culling as a means of controlling elephant populations 
and the focus shifted instead to translocating animals from areas of high to areas of 
low population density. Self-evidently, while relocation may be a useful way to control 
elephant numbers in relatively small parks, it is unrealistic to expect to relocate 
thousands of animals per year to keep the population under control in the large 
parks, for example, in northern Botswana.  

Of course, the best method for controlling population growth depends critically on the 
size and rate of growth of that population and, in this respect, it has been proposed 
that contraception may offer an alternative to relocation or culling in relatively small 
parks with a limited number of elephants. However, while the first experiments to 
examine the efficacy of immune contraception in female elephants have offered 
promising results, and preliminary experiments to modulate the behaviour or fertility 
of bulls have also begun, there are as yet no agents proven to be reliable, effective in 
field conditions and without significant side effects. The aim of this workshop is to 
discuss the current policies for controlling elephant numbers and to assess the 
suitability of newer strategies being developed to address this problem. Given the 
increasing interest in pharmacological means of controlling population size, it is 
hoped that experiences with various compounds in other species may help to 
indicate the approaches most likely to be applicable to the African elephant. It is also 
hoped that this workshop will stimulate collaborative research projects to identify the 
best approach to population control in a given situation, and to develop the means to 
implement that plan safely and effectively. This information may come to provide a 
valuable source of support when the management decisions required to ensure the 
health and viability of a game park and its elephant population are complicated by 
politics. 
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Morphological, histological and histochemical examinations, and hormone precursor 
incubations, of biopsies of placenta, gonad and fetal liver recovered post mortem 
from 59 pregnant elephants carrying conceptuses estimated, on the basis of fetal 
weight, to be between 20 days and 21 months of age, showed: 

1. A zonary placenta encircles the equatorial region of the ovoid unicornuate 
conceptus. It is endotheliomonocytochorial in structure and consists of intensely 
folded or pleated lamellae. They contain maternal capillaries that are closely invested 
by a mononuclear trophoblast layer which is itself closely invested by fetal capillaries. 
The placental zone is attached to the endometrium only by a remarkably narrow 
fibrous pedicle through which all the maternal blood vessels pass to vascularise the 
maternal side of the fetomaternal interface. A haemophagous region forms at the 
lateral edges of the placental zone in which phenotypically specialised trophoblast 
cells phagocytose leaked maternal red blood cells.  

2. Between 2 and 5 large, plum-like corpora lutea persist in one (usually) or both 
(occasionally) ovaries throughout pregnancy. These are present from the earliest 
stages of gestation and are appreciably bigger (3-5 cm diameter) than the biggest 
(1.5 cm diameter) follicle observed at any stage of the oestrous cycle or pregnancy. 
However, no form of chorionic gonadotrophin (CG) is detectable in elephant placenta. 

3. Incubation of placenta and fetal gonad, alone and in combination, with 
radioactively labelled steroid hormone precursors showed that whereas the enlarged 
fetal gonads are capable of synthesising progesterone and other progestagens from 
cholesterol or pregnenelone, the placenta itself is unable to synthesise any 
progestagens and it does not possess any aromatising capacity to synthesise 
oestrogens. 

 

This endocrinological inertia of the elephant placenta suggests the likelihood that the 
maintenance of pregnancy in this species is entirely dependent upon luteal sources 



of progestagens. Hence, it would be reasonable to expect that, as in some large 
domestic animal species, uncomplicated abortion induced by luteolysis would follow 
the administration of a prostaglandin F analogue at any stage of pregnancy. If so, a 
single intramuscular injection of PGF analogue delivered by dart gun could perhaps 
constitute an efficacious method for controlling unwanted increases in maintained 
elephant populations. However, intramuscular administration of cloprostenol 
(Estrumate; Schering-Plough, Middlesex, U.K.) on each of 3 consecutive days to a 
young Indian elephant at 6 months of gestation caused a rapid but temporary decline 
in urinary pregnanediol concentrations and the pregnancy continued unscathed. 
Hence, further research is necessary before induced abortion could be considered as 
a means of preventing unwanted births in elephants. 
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Contraception of elephant cows with pZP vaccine 
Previously, Fayrer-Hosken et al. (1999) demonstrated that the pig and African 
elephant share zona pellucida epitopes, and suggested that it should be possible to 
use porcine zona pellucida (pZP) proteins as the basis of a contraceptive vaccine for 
elephants. Two subsequent field trials performed in the Kruger National Park proved 
that pZP vaccine is an efficacious contraceptive treatment for female elephants 
(Fayrer-Hosken et al. 2001); further studies are continuing in two smaller populations 
of elephants in private game reserves. 

Makalali Game Reserve 
When the first pZP vaccination programme commenced in May 2000, the total 
elephant population in Makalali Game Reserve stood at 66, including 16 adult and 
seven 9-12 year-old cows. The vaccine was manufactured at The Science and 
Conservation Centre of ZooMontana, USA. The primary vaccination (600 µg) was 
administered in Freund’s modified, and boosters (400 µg) in Freund’s incomplete, 
adjuvant. Initially, 18 cows were immunised using a primary course of three injections 
administered at 3-week intervals via dropout darts shot from the ground. The darts 
were retrieved to confirm discharge of the vaccine, and behavioural patterns returned 
to pre-darting patterns within two days. During 2001, all of the immunized cows were 
‘boosted’ with a single injection, while a further two cows were treated with a 3 
injection primary course and added to the trial group. The following year, 3 new cows 
were given a single primary vaccination, and the rest were boosted. In 2003, all of the 
immunised cows were boosted; 17 were darted from a helicopter and the rest from 
the ground. 

The effects of the contraception programme to date are shown in Table 1. In 
summary, no calves have been born to matings dating from after the commencement 
of vaccination. Bearing in mind that the average inter-calving period in the Lowveld is 
± 4 years, contraception has therefore definitely been achieved in 5 cows (their 
calves are now 5-6 years old). In addition, four cows were immobilised and examined 



for pregnancy using ultrasound in July 2003; none were pregnant, and blood 
progesterone concentrations suggested very little or no luteal activity. The next two 
years will provide a lot more information with respect to the efficacy of contraception. 
The safety of pZP vaccination during pregnancy was confirmed by the fact that 14 
cows immunised during months 2-21 of gestation subsequently gave birth to normal 
healthy calves at term. One of the criticisms levelled at the use of pZP-
immunocontraception, is that it may lead to an increased number of matings and 
presence of bulls. This has not been the case in Makalali. During 2002, only five 
cows were observed to be in heat, and two were mated. Their calves were 14 and 18 
months and 3½ years (x 3) old at the time. 

Table 1: Summary of the Makalali cows vaccinated with pZP during 2000-2003 

 

A = Adult cows; *Calf probably lost after arrival at Makalali before project started 

Mabula Game Reserve 
Mabula Game Reserve has a herd of 9 elephants, including one sub-adult and 3 
adult cows. The details of vaccination are provided in Table 2. As the project is only 



18 months old, it is too early to assess the contraceptive effects of the vaccine. 

 
*Likelihood - based on age of calf 

Controlling aggressive behaviour in elephant bulls using a GnRH vaccine 
Both captive and free-ranging elephant bulls can present serious management 
problems if they display aggressive behaviour, either in or out of musth. They can so 
endanger the lives of other animals and people, that trained elephants usually have 
to be removed from work programmes and restrained to an extent that may become 
a welfare issue. As there is currently no proven practical way of controlling musth, 
culling often constitutes the only solution to free-ranging problem bulls. However, 
both musth and aggressive behaviour appear to be related to high concentrations of 
testosterone, and a project is currently underway to test the effects of a GnRH 
vaccine on testosterone secretion and behaviour, with a view to developing the 
vaccine as a means to control musth and aggressive behaviour in elephant bulls. 

The vaccine (GnRH-tandem-dimer conjugated to ovalbumin, Pepscan Systems, The 
Netherlands) will be administered with either the Montanide ISA 51 or Covaccine 
adjuvants (Oonk et al. 1998). Five elephant bulls will be injected with 2 mg GnRH 
plus adjuvant by darting, 3 times at 3-week intervals. In addition, two control bulls will 
be darted with adjuvant only. From a few weeks prior to the first vaccination until 4 
months after the last injection, faecal samples will be collected weekly, and 
testosterone secretion monitored via an EIA for faecal epiandrosterone. Over the 
same period, sexual and aggressive behaviour will be monitored. 

In fact, the first elephant bull has already vaccinated at Johannesburg Zoo. This bull 
has been exhibiting aggressive behaviour and temporal gland secretion for a 
considerable time. Four vaccinations using the ISA 51 adjuvant have been 
administered, and the faecal epiandrosterone profile following the first two 
vaccinations is shown in Figure 1. Although, during this period, no change in the 
faecal epiandrosterone profile was apparent, the elephant has displayed calmer 
episodes after each vaccination and has shown a reduction in temporal gland 
secretion. This effect was more marked after the 4th vaccination, while no side 
effects have been noted. Subsequently, a further one and three bulls have been 
vaccinated three times and once, respectively. 



 

Fig 1: Faecal epiandrosterone concentrations (ng/g dry faeces) in a bull elephant 
before and after the first two vaccinations against GnRH 
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Epididymal approaches to contraception 
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The epididymis performs a variety of functions, notably transport, maturation, storage 
and protection of spermatozoa (Cooper 1999). It is the cause of some cases of 
infertility and provides an attractive target for male contraception. However, to know if 
epididymal contraception is relevant for elephants it must first be ascertained whether 
these animals do indeed have an epididymis. Short et al. (1967) stated that “The 
elephant does not have an anatomically distinct epididymis”, and some years later 
Jones et al. (1974) agreed that there was no regional demarcation of the paired 
genital duct of the male African elephant comparable to its differentiation in scrotal 
mammals. Subsequently, Jones (1980) showed that many aspects of sperm 
maturation do indeed occur in the elephant’s organ, thereby concurring with the 
earlier work of Glover (1973) that “signs of sperm maturation occur in the epididymis 
of testicond mammals” and that the cauda epididymidal sperm store is near the 
exterior. 

Assuming that the elephant’s epididymal physiology is similar to that of scrotal 
mammals; namely, that the maturing spermatozoa are influenced by the nature of 
secretions in the luminal fluid bathing them, three basic approaches to the design of 
a contraceptive to act on this organ become apparent (Cooper 2002): (i) alteration of 
the time of contact of spermatozoa with secretions, via peritubular contractions and 
alteration of transit times; (ii) interference with the composition of luminal fluid by 
inhibiting synthesis, transport, function or availability of secretions and (iii) attack 
upon sperm-specific/sensitive pathways. 

Studies in rats have examined the effects of local or systemic cholinergic, adrenergic 
and purinergic agonists and antagonists, and peptides that either increase or 
decrease sperm transport through the epididymis. Where examined, fertility was not 
always affected, but in no case was an entire population of treated rats infertile. 
Those animals that were, displayed only subfertility. 

Theoretically, elimination of an epididymal secretion involved in the (epididymal) 
acquisition of the spermatozoon’s fertilising capacity should have a contraceptive 
effect. However, the number of secretions with a known function is limited, although 
such a role could be proposed if inhibitors were to cause infertility. Few such 
experiments have been conducted, but it has been shown that neither drastic 
reduction of the epididymal content of carnitine nor abolition of glucosidase activity in 



the rat epididymis cause infertility. Surprisingly, despite the paracellular blood-
epididymis barrier, immunisation against epididymal secretions (CRISP, P26h) have 
led to reduced fertility or complete infertility in rats, mice and hamsters, possibly by 
entry of immunoglobulins into the efferent ducts or by a transcellular vesicular route. 

Initially, the most promising approach to functional sterility was employment of 
chlorinated antifertility compounds to inhibit sperm glycolysis, which depended on two 
facts; 1) that spermatozoa preparing for fertilisation are more dependent upon 
glycolysis than respiration for the production of energy, and ii) that glycolytic enzymes 
in spermatozoa differ in structure from those in somatic cells. For example, sperm 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) has an additional domain 
involved in anchoring the enzyme to the axoneme, by which ATP would be produced 
directly at its site of utilisation. Chlorinated antifertility compounds such as α-
chlorohydrin and ornidazole produce chlorinated structural analogues of the 
substrate of GAPDH which inhibit the enzyme. Although, when fed at antifertility 
doses, α-chlorohydrin and ornidazole had no toxic effects on rats over a period of 1 – 
2 years (Jones and Cooper 1999), at the higher doses required for toxicological 
evaluation, central nervous effects were induced. To circumvent this problem, novel 
chlorinated compounds were synthesised that should generate, by the process of 
glycolysis itself, the same chlorinated inhibitor of GAPDH produced from α-
chlorohydrin and ornidazole. Such “suicide” compounds were shown to be effective in 
vitro at inhibiting glycolysis and modulating motility of spermatozoa from rats, mice 
and men but they failed to induce infertility in rats as a result of dechlorination and 
urinary excretion. Compounds are being synthesised that should be rapidly 
accumulated within the epididymal lumen, thus avoiding excretory loss and 
dechlorination and limiting toxic side effects. 

The difference in osmotic pressure between the male (high) and female (low) gamete 
tracts has long been known, but its significance has only recently been appreciated. 
Observations on certain infertile transgenic male mice have highlighted the 
importance of volume regulation in fertility, because spermatozoa that fail to regulate 
their volume cannot pass the uterotubal junction. The abnormal volume regulation 
exhibited by spermatozoa from infertile male mice reflects a failure in volume 
regulation, considered to result from insufficient intracellular osmolytes that are 
normally lost, together with intracellular water, to counter swelling that occurs as the 
spermatozoa enter the hypotonic fluids of the female. The epididymis has been 
hypothesised to provide osmolytes to spermatozoa during epididymal transit (Cooper 
and Yeung 2003), so that the reduced intrasperm osmolytes in the infertile males 
would reflect reduced provision of osmolytes by the epididymis which, in the infertile 
males, is abnormal due to the lack of the initial segment. Specifically, a glutamate 
transporter expressed in the initial segment is down-regulated in the knockout male 
and, as a consequence, less glutamate is present in epididymal spermatozoa. Other 
epithelial transporters are up- or down-regulated in this animal model and the 



osmolyte and their channels are currently being sought in spermatozoa. 

The infertility of some domestic animals that exhibit spermatozoa with a similar 
phenotype to that of the c-ros knockout male (e.g. Dag defect; Cooper 1992), 
suggests that poor sperm volume regulation could underlie unexplained infertility. 
Furthermore, as swollen human sperm display altered motility patterns and reduced 
entry into artificial mucus, it is likely that targeting either epididymal transporters so as 
to modify luminal fluid, or sperm channels to block osmolyte influx or efflux, could be 
a new, post-testicular, contraceptive approach for man as well as the elephant. 

To date the studies on post-testicular contraceptives have involved daily oral 
administration so that rapid onset of action and reversal after withdrawal can be 
appreciated. While this regimen may be convenient for man, there is no reason why, 
like hormonal contraceptives, the post-testicular variety could not be formulated so as 
to be delivered continuously from a slow-release depot.  
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Introduced brushtail possums (Trichosurus vulpecula) are major pests in New 
Zealand because of their impacts on conservation values, biodiversity and 
agriculture. Annually, about NZ$80 million is spent on spreading 2.5 tonnes of 1080 
poison and increasing quantities of anticoagulants and other poisons. Currently, > 9 
million hectares are under sustained possum control. Issues like ongoing costs, 
environmental contamination, non-target risks and changing public attitudes have 
driven research into alternative approaches, such as fertility control. 

Fertility control research for possums is guided by a national strategy that is aimed at 
effecting long-lasting infertility and/or sterility in treated animals. Research on 
immunological blocks to fertility is focused principally on targeting proteins of the 
zona pellucida (ZP; Landcare Research), ovarian vesicle-associated proteins 
(AgResearch) and embryonic shell coat proteins (Melbourne University). An 
alternative approach is aimed at developing gonadotrophin-releasing hormone 
(GnRH)–toxin complexes that will target appropriate pituitary cells (AgResearch). 
Parallel research is underway on delivery, including mucosal immunology and uptake 
of materials from the possum gut. Genetically modified plants and bacterial ghosts 
are being assessed as potential oral vaccines. The potential for a combined vaccine 
based on BCG, that would immunise possums against infection with bovine 
tuberculosis and induce infertility simultaneously, is also being researched. 
Disseminating delivery systems are being investigated, with current focus on 
identifying and characterising possum viruses, and genetically modifying a possum-
specific nematode parasite to express infertility-inducing proteins and/or epitopes. 



Our research has concentrated on immunocontraception by targeting egg proteins of 
the zona pellucida (ZP). Trials of an injectable vaccine containing whole recombinant 
ZP3 and ZP2 proteins demonstrated 70-75% reduction in fertility of captive animals 
bred naturally or by artificial insemination. Immunisation with a ZP3 epitope that 
spanned the putative sperm-binding region resulted in a reduction of about 66% in 
the proportion of female possums that produced at least one embryo. Recent epitope 
mapping identified a ZP2 epitope which, on testing by injection, also reduced fertility 
significantly.  

Two approaches are being taken to examine oral delivery of immunocontraceptives, 
by seeking expression of contraceptive antigens in transgenic plants, or bacterial 
ghosts. To date, immune responses, including antibodies detected in blood, 
reproductive tract secretions and in follicular fluid, have been demonstrated against a 
model antigen expressed in transgenic potato and Lucerne plants. Recombinant 
bacterial ghost vaccines expressing possum ZP3 stimulated humoral immune 
responses in serum, ovarian follicle fluid, and reproductive tract secretions in female 
possums when applied to mucosal surfaces of the eye and nose, or were 
administered orally. Cellular immune responses and effects on ovarian function and 
fertility following mucosal immunisation are now being assessed. 

Finally, computer modelling based on field-derived parameter estimates of possum 
population dynamics has been used both to define minimum vaccine efficacy and to 
identify strategies for integration of fertility control baits and poison baits that are 
likely to produce benefits of reduced costs and reduced toxin use. 
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The rationale for several decades of research into immunocontraception and 
immunocastration of farm, domestic and feral animals has been discussed 
extensively (see text box: Bonneau and Enright, 1995; Enright, 1995; Enright et al. 
1995; Meloen, 1995; Becker et al. 1999; Delsink et al. 2002). If developed properly, 
active immunisation regimens can be cheap, practical and effective ways of 
generating effective antibody titres against a target molecule; however, the immune 
response can vary considerably between animals and a lag period is inevitable 
before the biological response is observed. 

 

There are many factors other than inter-animal variation that determine the success 
of an active immunisation approach, including species, age, structure of the 
hormone/peptide, type of carrier molecule and adjuvant used, conjugation procedure, 
dose of antigen and adjuvant, molar ratio of hormone to carrier, and frequency and 
relative timing of immunisation (see Crowe et al. 1995). 

(Dis)Advantages of bull beef production 
Aggressive behaviour and libido can be a serious problem during the husbandry of 
male cattle. Post-pubertal bulls are difficult to handle, cannot be grazed near heifers, 
cause pasture damage and are a threat to human safety. These problems create 
management difficulties in all commercial beef systems, including grass-based 
extensive and intensive housing/feedlot systems. In addition, because of their high 
activity level, bulls have a greater tendency to yield bruised and dark-cutting meat at 
slaughter. To overcome these problems, in many countries male cattle are castrated 
using either the burdizzo or conventional surgical methods. However, while castration 
renders male cattle docile, it also decreases growth and feed conversion efficiency by 
15%, and increases the fat content of the meat. The challenge is to therefore to 



reduce aggressive behaviour while maintaining the performance advantages of bulls. 
Immunisation against GnRH has proven a promising approach. 

Immunisation of pre-pubertal bulls 
In an initial study, Finnerty et al. (1994, 1996) immunised 47 three-month (mo) old 
Friesian bull calves against GnRH using various GnRH conjugate doses, adjuvants 
and booster intervals (1 or 2 mo post primary injection). Immunisation decreased LH 
and testosterone (T) secretion for 2 to 4 mo after the booster; thereafter, LH and T 
returned to levels approaching those of control bulls. Immunisation also decreased 
the incidence of aggressive and sexual behaviour at pasture, but had no effect on 
growth. In a follow-up study, Finnerty et al. (1997a, b) confirmed that GnRH 
immunisation prior to puberty (injections at 3 and 5, 3 and 7, 3 and 9, 3 and 11 or 3, 
5, 7, 9 and 11 mo of age) transiently reduced T in all 50 animals (e.g. Figure 1) and 
reduced aggressive behaviour until slaughter at 21 mo of age (although not quite to 
the level of control steers). When a primary and a single booster were used (e.g. 5 
and 7 mo group), growth was similar to that of control bulls and much superior to that 
of steers. Repeated immunisation (3, 5, 7, 9, 11 mo group) resulted in aggressive 
behaviour similar to that of steers for the duration of the study, including the last week 
(see Figure 2), while growth rate was similar to control bulls and considerably better 
than steers. Immunised bulls showed reduced homosexual behaviour at pasture at 9-
12 mo of age, although there was no consistent effect at later ages. 

 
Fig. 1  

 



 
Fig. 2 

In a similar study in New Zealand, Jago et al. (1997) looked at the effect of the timing 
of primary immunisation (as early as 2 mo of age, as late as 7.5 mo of age) and the 
number of booster immunisations. In all cases, immunisation delayed the prepubertal 
increase in T, and there was no difference in behaviour between the immunocastrate 
groups. From 10-17 mo of age, sexual behaviour of immunocastrates was 
intermediate between that of steers and bulls. Throughout the study aggressive 
behaviour was highest in bulls, while steers and immunocastrates were equal until 16 
mo of age. Immediately prior to slaughter, at 18 mo of age, close monitoring during a 
16 hr period of lairage revealed that steers now displayed much less sexual and 
aggressive behaviour, and that immunocastrates were only marginally less 
aggressive than bulls. 

Immunisation of peri- and post-pubertal bulls 
When 12-mo-old bulls were immunised against GnRH (Finnerty et al. 1995), T 
concentrations fell to at or near surgical castrate levels for the last 14 wk of a 20-wk 
study. During this time, sexual behaviour of the immunocastrates was also similar to 
that of surgical castrates while, compared to intact bulls, aggressive interactions were 
slightly reduced in duration but not frequency. Immunisation retarded growth to the 
same extent (≈25%) as surgical castration. In studies performed in California (Huxsoll 
et al. 1998; Price et al. 2003), bulls received a primary immunisation at 1, 4 or 6 mo 
of age and a booster at 12 mo. When observed at 16 mo of age, immunocastrates 
had aggressive behaviour similar to that of steers. 

Conclusion 
On the basis of the above studies, it is apparent that an optimised GnRH 
immunisation protocol for pre-pubertal bulls would be a viable option for obtaining the 
docile behaviour of steers but (close to) the growth rate of bulls. However, if GnRH 
immunisation is delayed until after puberty, growth rate is more likely to be adversely 
affected while the effects on behaviour may be inadequate. Furthermore, 
immunomodulation of endogenous hormone activity is an attractive alternative to 



other methods of increasing the efficiency of animal production because vaccine 
residues are not perceived by consumers to be a problem, and because the 
approach is conducive to good animal welfare. 
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Zona pellucida proteins isolated from the ovaries of pigs (pZP) have proven an 
effective basis for an immunocontraceptive vaccine in horses (Kirkpartrick et al. 1985, 
Kirkpatrick and Turner 2002; Turner et al. 2002) and a range of wild and captive non-
domestic herbivores (Kirkpatrick et al. 1996a; Kirkpatrick et al. 1996b; Naugle et al. 
2002; Shideler et al. 2002). In these species, the pZP vaccine was shown to be both 
safe and, where tested, reversible. The potential to use a pZP vaccine as a 
contraceptive in free-ranging African elephant populations has been recognised for 
some time, and the current paper documents a project carried out in three phases to 
investigate whether pZP vaccine represents a viable contraceptive for elephants in 
the Kruger National Park (KNP). 

Phase 1 
The aim of phase 1 was to establish whether there was a reasonable degree of 
homology between the zona pellucida proteins in pigs and African elephants. In 1995 
during the last elephant cull performed in KNP, ovaries were collected from several 
elephant cows. After fixation, ovarian blocks were embedded in paraffin, and thin 
sections were cut and processed for immunocytochemistry. Immunostaining was 
then performed using a rabbit-anti-pZP primary antibody followed by a secondary 
antibody labelled with colloidal gold. Finally, the staining was enhanced with silver. 
Histological examination of the sections revealed distinct immunogold staining of the 
zona pellucida of oocytes in primary, secondary and tertiary follicles. This staining 
pattern was confirmed in samples examined by transmission electron microscopy. It 
was, therefore, established that the ZP proteins of pig and African elephant share 
significant epitopes, and this in turn suggested that antibodies to pZP should cross-
react with elephant zona pellucida proteins (Fayrer-Hosken et al., 2000). 

Phase 2 
Phase 2 was designed to establish an effective pZP vaccination regime for African 
elephants. To this end, two elephant cows (both at zoos in the USA) were injected 
with 400 µg of pZP in 5mg of a synthetic trehalose dicorynnomycolate adjuvant. 



Booster vaccinations (400 or 600 µg) were administered 4 weeks and 10 months 
later. The anti-pZP antibody concentrations achieved in both cows after the second 
booster were comparable to those recorded in horses that had been successfully 
contracepted with pZP vaccine (Fayrer-Hosken et al., 2000). 

Phase 3 
The objective of Phase 3 was to test the contraceptive efficacy of the pZP vaccine in 
a sample of free-ranging elephant cows in the KNP. In 1996, 41 cows (21 treatment 
and 20 controls) were selected for the first trial. Criteria for selection included a small 
calf (< 1 m high) at foot and a negative transrectal ultrasound pregnancy result. Cows 
in the Treatment Group were vaccinated with 600 µg of pZP combined with the 
adjuvant described above; controls were injected with placebo. All injected cows 
were radio-collared and, 6 weeks later, they were located and injected with a booster 
vaccination using drop-out darts fired from a helicopter. A second booster was 
administered similarly 6 months after the primary vaccination. 

Twelve months after the primary vaccination, 19 treated and 18 control elephants 
were located, immobilised and examined ultrasonographically for pregnancy. One 
cow in the Treatment Group had to be excluded because the results demonstrated 
that she was already pregnant at the time of the primary vaccination. Of the 
remaining vaccinated cows, 8 (44 %) were pregnant compared to 16 (89 %) of the 
controls. Although this difference in pregnancy rate was statistically significant, the 
results were disappointing compared to those achieved in free-ranging horses. 
Therefore, a second trial was planned that included 10 vaccinated cows. This time 
the intervals between the primary vaccination and first and second boosters were 
seat at 2 and 6 weeks, respectively. In this trial, significantly fewer vaccinated cows 
became pregnant (2; 20 %). The trials also proved that the vaccine is safe to use in 
pregnant elephants, that contraception can be maintained by administration of an 
annual booster and, that if a booster is not administered, that cows recover fertility. 
These are important qualities when selecting a contraceptive for wildlife species 

In conclusion, the results of these studies demonstrate that pZP vaccine is a safe and 
effective contraceptive for free-ranging African elephant cows. However, because the 
current vaccine requires three administrations during the first year, it is probably only 
suitable for use in small populations (< 100 cows). 
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Aerial counting of elephant populations has been carried out in Zimbabwe since 
1967. The latest census in 2001 revealed a total of approximately 88100 elephant in 
4 separate populations (Table 1) 

Table 1: Aerial Census of Zimbabwe’s Elephant in 2001 

 

The total population has increased from an estimated 47,000 animals in 1980, with 
the greatest percentage increase occurring in Hwange National Park (HNP) which, 
on its formation in 1928, was believed to contain between 1000 and 2500 elephant. 
Overall, Zimbabwe’s elephant population has been increasing at approximately 5% 
per annum, and is therefore likely to be as high as 97,000 animals at the present time 
(Figure 1). 

 
Figure 1: Elephant population increases in Zimbabwe, nationally and in Hwange 



National Park 
 

 

In Hwange National Park (HNP), the provision of some 70 artificial, perennial water 
points has increased the dry season foraging range of elephants from 35% to 75% of 
the Park’s total area. Elsewhere, compression of the elephants’ range by the 
increase in the human population from 0.5 million in 1900 to 12.5 million in 2001 and 
the recent “land crisis” has raised elephant densities to as high as 6 per km2. The 
major effects of this increase in elephant density have been erosion, vegetation 
damage and the loss of biodiversity. Erosion has occurred as a result of the loss of 
tree cover and has led to the siltation of water points. Vegetation damage has 
included a severe loss of trees which, combined with uncontrolled fires, has caused a 
loss of palatable species of shrubs and grasses. The effect of the elephant over-
population on biodiversity has been less easy to monitor. It has been estimated that 
at densities of < 0.5 elephant per km2, forage and biodiversity may actually be 
enhanced, while higher densities lead to a loss of biodiversity. Of particular concern 
has been the effect on rhino in HNP. They are now unable to utilize areas under 
heavy elephant pressure and may even be prevented from access to some water 
points. 

In addition, there has been more human-elephant conflict because of increased 
damage to crops and water facilities. These elephant attacks are likely to increase 
since 15% of Zimbabwe’s elephant live outside the protected areas. The 
recommended elephant population for Zimbabwe is around 35000 - 40000 animals 
(0.6 per km2). 

Efforts to control the elephant population 
Cropping elephants by shooting was instituted in 1960, and by 1988 some 44000 
elephants had been shot, mostly by eliminating whole breeding herds. Between 1989 
and 1995, when elephant culling was stopped, approximately 2500 more animals 
were shot in problem animal control operations. In the 1980s, it was proposed that 
the number of elephant in HNP be reduced and held at 13000 (< 1 per km2). 
Although this target was reached in 1985, the policy was not continued and the 



population has been allowed to increase unchecked, to the point where a “die-off” is 
likely to occur in the Park in the near future. 

No plans exist to re-institute cropping of elephant in the protected areas. This has 
resulted from international pressure against elephant culling and a lack to resources 
within the Parks and Wildlife Management Authority of Zimbabwe to undertake such 
large-scale operations. 

Options for the future 
Options for future control of elephant in Zimbabwe include a laissez-faire approach, 
culling, translocation and contraception. Inactivity will lead to massive die-offs in 
some areas of the country such as HNP, Chizarira and Mana Pools National Parks. It 
would also result in an unacceptable loss of vegetation and bio-diversity. For culling 
to be reinstated, the necessary resources would have to be found in a country that 
already faces a severe economic crisis. Even if it could happen the task will be 
difficult. At the peak of culling in the 1980s, a maximum of 5340 elephant were shot in 
one year. If that total could now to be increased to, say, 10000 per annum, the 
recommended total population of 40000 would only be attained after 10 years of 
sustained effort. 

However, an attraction of culling would be the sizeable economic return if the skin, 
ivory and meat could be recovered and successfully marketed. It has been estimated 
that a 5% off-take of excess elephant by a combination of safari hunting, culling and 
problem animal control could return as much as US$ 320 per km2. This compares 
favourably with the calculation of US$ 200 per km2 to manage an intensively 
protected wildlife area, particularly when only US$ 10 per km2 is presently available 
in Zimbabwe. However, culling is not generally acceptable to the international 
conservation community, and Zimbabwe would probably receive widespread 
condemnation if large numbers of elephant were shot. 

Translocation of elephant breeding herds was undertaken in Zimbabwe in 1992/3, 
when around 1000 elephant were successfully moved from Gona-re-zhou National 
Park following a severe drought. Most were moved to the nearby Save Valley 
Conservancy, and 200 were taken to South Africa. Therefore, mass translocations 
are certainly feasible, but they are very expensive at > US$ 1500 per animal and 
there are few areas to which the elephant can now be moved, all of which are outside 
Zimbabwe. Translocation cannot therefore be considered seriously as an option for 
significant population reduction. 

Contraception or sterilization of males and females is an attractive alternative for 
elephant population control. However, it has been shown by modelling that at least 
75% of breeding females would have to rendered infertile for a period of >10 years to 
produce a significant drop in the population and that it might be more efficient to 
sterilize pre-breeding females. However, this is unlikely to be achievable with the 
drugs and technology presently available. An ideal contraceptive would be 



deliverable as a single dose in a dart fired from a helicopter. Treated animals or their 
breeding groups would have to be identifiable, the cost per animal would be 
moderately high (at around US$ 150) and there would be no economic return for the 
effort. Problems with social and behavioural changes in treated individuals may 
occur, as well as the major disturbance during the treatment programme. 

Ultimately, it appears likely that a combination of culling and contraception, with the 
latter having more application after elephant numbers have been reduced 
significantly, would find greatest acceptability. Those opposed to culling might be less 
vocal if contraception was being used simultaneously, while critics of population 
reduction without an economic return would be satisfied that the cropping option was 
not being ignored. 

Conclusions 
The following conclusions are pertinent to Zimbabwe’s elephant overpopulation 
problem: 

· The elephant population in Zimbabwe has now reached crisis proportions and large-
scale die-offs are probably imminent and unavoidable. 

· Severe impacts on the environment and bio-diversity will continue for some time, 
even if population-reduction measures could be initiated rapidly. However, the 
resources needed to implement effective control and subsequent monitoring are 
lacking. 

· A combination of culling and some contraception or sterilization would probably be 
the best solution. Local opinion would favour culling alone but the arguments for this 
course are not generally supported internationally. 
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Immunological disruption of gamete interaction by vaccinating against sperm and/or 
oocyte antigens is considered a promising alternative approach to human birth 
control. In this respect, considerable recent progress has been made in 
characterising the proteins that make up the mammalian zona pellucida (ZP), the 
extracellular matrix that surrounds the oocyte. And although the exact molecular 
composition of the ZP does vary between species, in most cases the ZP consists 
primarily of three to four major sulphated glycoproteins (Epifano and Dean 1994). 
Among these glycoproteins, ZP3 is generally believed to be responsible for the 
species-specificity of sperm-binding to the oocyte and for the induction of the 
acrosome reaction in bound sperm (Rosiere and Wassarman 1992). Not surprisingly, 
the oocyte-specific expression of their genes during oogenesis led to the suggestion 
that ZP proteins could be used as targets for vaccines to regulate both human and 
animal fertility. Indeed, numerous studies to assess this concept in animal models 
have resulted in the desired infertility. However, optimism about the feasibility of this 
approach for birth control in man has been tempered by numerous studies in a 
variety of mammalian species in which active immunisation against purified porcine 
ZP resulted in significant ovarian pathology. For example, immunization of the 
common marmoset (Callitrix jacchus) with purified pig ZP3 (pZP3) and 
deglycosylated pZP3b (32 kDa) induced ovarian degeneration characterized by a 
depletion of primordial follicles, appearance of follicular clusters lacking oocytes and 
depletion of the pool of recruited follicles (Paterson et al. 1992). By contrast, active 
immunization of rabbits with deglycosylated pZP3b did not result in any visible signs 
of ovarian pathology (Keenan et al. 1991). The reason for the immunopathology 
observed in some species is unknown, but it has been postulated to reside in 
contamination of supposedly purified ovarian-derived ZP3 preparations. To this end, 
recombinant human ZP3 (rec hZP3) was produced in Chinese hamster ovary (CHO) 
cells (Van Duin et al. 1994) but, in marmosets, even active immunization with this 
“pure” hZP3 disrupted ovarian function to the extent of complete cessation of ovarian 
cyclicity and the loss of primordial follicles (Paterson et al. 1996). This latter loss was 
completely unexpected, given that it was previously believed that ZP3 was absent 
from primordial follicles. Although the immunological mechanism underlying ZP3-
triggered depletion of the primordial follicle pool was still unexplained, it was 
proposed that vaccinating with very specific immunocontraceptive ZP3b cell epitopes 
might circumvent the immunopathology. To verify this hypothesis, highly specific 



mouse monoclonal antibodies were generated against different epitopes (linear and 
conformational peptides) of hZP3. These novel tools were then used to perform more 
in-depth immunohistological studies to map the temporal and spatial expression of 
ZP3 in rabbit, marmoset monkey and human ovaries. Immunoreactive staining of 
primordial follicles indicated the presence of ZP3 in early primordial follicles, thereby 
explaining why vaccination against ZP3 often disrupted all stages of folliculogenesis. 
Unfortunately, this finding simultaneously suggested that ZP3 is not a sufficiently 
stage-specific target for the development of a reversible form of 
immunocontraception (Grootenhuis et al. 1996).  
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Mathematical models have a long and rich tradition in epidemiology, population 
biology and ecology and are valuable tools for predicting the long-term, and to a 
lesser degree short-term, effects of various interventions on population dynamics. 
Models are particularly useful for studying the consequences at a population level of 
changes and mechanisms operating at an individual level. We propose that a model 
for elephant population dynamics could be designed to gauge the long-term effects 
and consequences of population management by immunocontraception. This model 
could then be used to determine whether immunocontraception is a viable alternative 
to culling or translocation for controlling population size and structure in a sustainable 
way. 

We propose to use a matrix population model, a flexible and well-developed class of 
model that collates information on life-history characteristics across age classes and 
generates short, medium and long-term predictions of population growth and 
demography (see Caswell 2001). The long-term population dynamics are predicted 
by calculating the asymptotic growth rate of a population and the stable age 
distribution that is associated with that growth rate. Matrix models are simple in so far 
as the number of variables and parameters are small, however their major advantage 
is their mechanistic nature and the clarity of the assumptions that underlie them. Both 
density dependent (e.g. population self-regulation by changes in the age at first 
reproduction) and stochastic effects (both demographic and environmental) can be 
taken into account. In addition, it is possible to perform factor sensitivity analysis to 
determine which parameters most influence population growth rate. This helps to 
identify not only the key parameters of growth within a population, but highlights how 
different parameters may influence the steady-state age distribution. 

To date relatively little elephant population modelling has been documented. 
Armbruster and Lande (1993) modelled elephant demographics using a Leslie model 
(a special class of matrix population model) to investigate the minimum reserve area 
required to sustain an elephant population. Their model included aspects of 
environmental stochasticity, such as occasional long periods of drought. 

Dobson and Poole (1993) also used a Leslie matrix approach to model elephant 



population dynamics, although they included density dependent rather than 
stochastic effects, and also took the social structure into account. The resulting 
model was used to analyse the impact of ivory poaching on East African elephant 
populations, and to estimate the time needed for a population to recover from heavy 
poaching pressure after it became fully protected. All of the parameters of their model 
were based on empirical data obtained from field studies, and one of their primary 
conclusions was that “social structure and reproductive physiology are crucial to 
understanding the demography of elephants”. 

Dobson (1993) used the model designed by Dobson and Poole (1993) to predict the 
effects of immunocontraception or inducing abortion on elephant population 
dynamics. Importantly, the model included 2 parameters known to play a critical role 
in elephant population regulation, namely density dependent variation in the age at 
first reproduction and in the inter-calf interval. Based on data from the Amboseli 
population, it was predicted that an elephant population could be maintained at a 
stable level by any form of birth control that extended by two years both the age at 
first calving and the inter-calving interval. 

More recently, a model similar to that of Dobson and Poole’s was used to investigate 
the effect of culling on the elephant population in the Kruger National Park (KNP: Van 
Aarde et al. 1999; Whyte et al. 1998). The authors discussed various contraceptive 
options but concluded that none were practical in a population as large as that in 
KNP (see Pimm and Van Aarde, 2001). Their model suggested that a large 
proportion (75%) of the female population would need to be contracepted 
successfully if zero population growth was to be achieved, and that population 
stagnation would be reached only after a considerable length of time. They, 
therefore, concluded that culling remains the best option available for controlling 
elephant numbers in the KNP. 

Since the publication of Dobson’s population model ten years ago, there have been 
major advances in our knowledge of fertility control in elephants. Clearly, however, 
there remains considerable uncertainty about the likely knock-on effects of 
contraception or abortion on individual elephants (see Whyte et al. 1998; Pimm and 
Van Aarde 2001; Fayrer-Hosken et al. 2001); these effects need to be clarified. 
Nevertheless, our understanding of elephant population biology, demography, 
behaviour and social organisation has increased significantly during the last decade. 
Importantly, several detailed long-term studies have charted elephant population 
structure and behaviour, and these studies should play a major role in both building 
and validating a new model. Significantly, the data sets are drawn from different 
populations with very different age distributions (e.g. an aged population in Amboseli 
National Park and a younger population in Tarangire), and this should help clarify the 
impact of population structure on growth rate. We believe that it is now possible to 
extend the matrix model to study more thoroughly the impact of social, reproductive 
and behavioural changes resulting from procedures like immunocontraception. Our 



aim is thus to collate information from the relevant experts to establish the effects of 
fertility control on individual elephants, and thereafter to design a model for predicting 
population dynamics in the face of various methods of population control. 
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Abstract 
Worldwide, the success rate of breeding programmes for captive elephants is poor. 
In this respect, alongside undiagnosed reproductive disorders in females and fatal 
diseases like the newly discovered elephant herpes virus infection (EEHV: Richman 
et al., 1999), male infertility has been identified as a major factor contributing to the 
failure of captive populations to become self-sustaining (Hildebrandt et al., 2000). To 
investigate the possible causes of male reproductive inadequacy, approximately 400 
ultrasonographic examinations of the internal genitalia combined with semen 
collection were performed in captive (n=15) and wild (n=13) African (Loxodonta 
africana) and captive (n=91) Asian (Elephas maximus) bull elephants, ranging in age 
from 4 to 50 years. Approximately half of the reproductive assessments were 
performed in protected contact situations with elephants handled in a restraint device, 
while the other half involved assessments of unrestrained trained Asian bulls, or 
examinations under general anesthesia. In the latter category, 14 examinations were 
performed in the field on wild adult African bull elephants immobilized during either 
translocation projects or GPS home-range studies.  

Transrectal ultrasonography was used to characterise the morphology and 
functionality of the entire urogenital tract, including the size and developmental status 
of testes and accessory sex glands (Hildebrandt et al., 1997a; Hildebrandt et al., 
1998, Hildebrandt et al., 2000a). In fact, transrectal ultrasonography enabled the 
identification of pre-pubertal and pubertal individuals, who were then excluded from 
further analysis (Hildebrandt et al., 1999). In addition, bulls were categorised on the 
basis of breeding status (breeders versus non-breeders) and, where possible, social 
rank (i.e. type of interaction with male and female conspecifics and keepers). Most of 
the bulls were adult non-breeders, and the rate of apparent infertility of non-organic 
origin (i.e. not due to specific anatomical abnormalities) in otherwise healthy animals 
was surprisingly high.  

In general, breeding bulls had a fully developed genital tract, moderate blood 
testosterone concentrations (10 - 40 ng/ml) and delivered a fertile ejaculate of 
adequate volume (>200 ml) after manual stimulation (Hildebrandt et al., 1997b; 
Schmitt and Hildebrandt, 1998) or electro-ejaculation (Hildebrandt et al., 2000b). In 



these breeding bulls, the seminal vesicles contained large volumes of fluid prior to 
ejaculation. With regard to social environment, captive breeding bulls were usually 
housed singularly with a group of female elephants or with other significantly younger 
bulls. In the wild, bulls identified as breeding animals by dint of their semen quality 
and the sonomorphologic appearance of their internal genital organs were never 
found associated with other adult bulls. By contrast, wild non-breeding bulls generally 
lived in bachelor groups of two or more individuals and were characterized 
reproductively by low ejaculate volumes, underdeveloped accessory sex glands and 
low circulating testosterone concentrations (<10 ng/ml). Captive non-breeding bulls 
were, in most cases, housed together with other adult males of a similar age or within 
a group where they were dominated by older cows. On occasions, captive bulls 
identified as non-breeders were apparently dominated only by zoo staff. This 
correlation between social rank and genital and spermatological findings was only 
overturned when a bull entered into musth. In musth bulls, blood testosterone 
concentrations were always high (up to 160 ng/ml) and the seminal vesicles were 
very large. However, semen collection from musth bulls was difficult and never 
resulted in a high quality ejaculate because of urine contamination.  

On the basis of the correlations between semen quality, genital development and 
social status/situation, it is proposed that, in the wild, breeding bulls capable of 
impregnating cows are almost exclusively represented by dominant solitary animals. 
By contrast, adult males in bachelor groups are usually sexually inactive, presumably 
so that they can avoid social conflicts within their group until they have built up 
sufficient bodily resources (and experience) to enter an annual musth cycle and fight 
for a breeding-bull position. Preliminary results indicate a ratio, in the wild, of 
approximately 1 breeding bull to every 50-100 non-breeding bulls. The phenomenon 
of temporary or permanent social rank-induced sexual inactivity in bull elephants 
should be studied more intensively for possible future application to population 
management strategies for wild African elephants.  
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Introduction 
Populations of the introduced house mouse erupt irregularly in the grain growing 
regions of South-eastern Australia, reaching densities greater than 1000 mice per 
hectare. These mouse plagues have major economic impacts as well as causing 
social stress within rural communities. Current control strategies usually involve the 
use of rodenticides that are not highly target specific, are costly to apply, can lead to 
environmental damage and are not humane.  

As an alternative to current lethal agents, we are developing fertility control 
approaches whereby viruses are being assessed as delivery vectors. Non-toxic baits 
are also being considered. The research combines molecular biology, population 
ecology and epidemiology of the virus vector, as well as risk assessment of the use 
of genetically engineered organisms in the Australian landscape. 

An ideal immunocontraceptive vaccine must evoke a sustained immune response 
which blocks a key reproductive process (e.g. fertilization), be species-specific, be 
delivered effectively throughout the pest population on a broad scale and be cost-
effective, environmentally benign and publicly acceptable – a big challenge. 

The components of the fertility control approach for the wild house mouse are mouse 
zona pellucida protein 3 (mZP3) as the reproductive antigen and mouse 
cytomegalovirus (MCMV) as the candidate delivery vector. This virus is highly 
prevalent in wild mice in Australia and is species-specific. It spreads by close contact 
and animals can become infected with multiple strains, which means that super-
infection with a recombinant virus is feasible. The virus persists in the salivary gland 
and lung and can be reactivated during periods of stress. Since it is a DNA virus it 
can be engineered to carry additional genetic information.  

Efficacy of an infertility vaccine. 
We tested the effects of inoculating mice with an engineered Australian strain of 
MCMV expressing the mZP3 gene. Intraperitoneal (i.p.) inoculation with the 
recombinant virus resulted in stimulation of the host immune system with the 



production of antibodies to both the virus and mouse ZP3. Treated mice remained 
infertile for up to 250 days. Three host strains of MCMV, G4 and N1 from Western 
Australia and K181, originally from USA, were engineered. All three recombinant 
MCMV-mZP3 vaccines induced reproducible infertility in laboratory mice following i.p. 
inoculation. Infertility, resulting from complete loss of primordial ovarian follicles is 
permanent. Two other recombinant MCMV vaccines expressing mouse zona 
pellucida protein 1 (mZP1) and a modified form of mouse ZP3 (ubi-mZP3), also 
caused infertility in female mice after infection. However, the recombinant MCMV-
ZP3 derived from the Australian G4 isolate was chosen to be the first mouse vaccine 
product because it causes consistent and reproducible infertility. The final vaccine is 
being formulated using strict quality control protocols to remove all non-essential 
transgenic gene sequences. 

Transmissibility of the vaccine.  
The ability of a recombinant MCMV-mZP3 vaccine to spread and infect large 
numbers of mice in the field is critical for its success. We had shown only limited 
transmission from mice experimentally infected with the wild type MCMV strain G4 to 
uninfected wild mice within social groups. We are also investigating the transmission 
dynamics of an MCMV strain from wild-caught mice in eastern Australia. When 
naturally infected mice were placed in social groups with uninfected mice, this new 
strain of MCMV spread rapidly. We are currently isolating the strain for further 
characterisation and to use it as starting material for second-generation vaccines with 
enhanced transmission ability. 

Species specificity and safety. 
Following discussions with stakeholders, two major hazards were identified. First, the 
risk of inadvertently exporting a genetically modified virus overseas in infected live 
mice and, second, the species-specificity of the recMCMV-mZP3. To address the first 
concern, a mathematical model is being developed to assess the export risk during 
mouse plague conditions. For the second, Lewis rats were infected experimentally 
with a laboratory standard prototype vaccine, recMCMV-mZP3, using 20 times the 
dose used to sterilize mice. All the rats remained fertile and no recombinant virus was 
recovered from them by plaque assay or PCR of tissues. Similarly, 3 Australian 
native rodents have been infected with wild type MCMV and have not become 
infected. 

Practicality in the field. 
The ability to introduce a sterilizing virus that can spread effectively among wild mice 
is critical for the success of the vaccine. The use of non-toxic baits is being explored, 
and two oral inoculations with strain G4 recMCMV-mZP3 will effectively sterilize 
laboratory mice. The recombinant vaccine can be freeze-dried and/or applied to bait, 
with subsequent recovery of infectious recMCMV-mZP3. These results encourage 
the belief that bait delivery of infectious freeze-dried virus could be an effective 
means of inoculating field populations of mice. Further trials using freeze-dried 



recombinant vaccine delivered on baits are in progress. 

 

To determine the level of infertility required to reduce recruitment in mouse 
populations, enclosure studies using surgical sterilisation of varying proportions of the 
adult females are being undertaken to determine the rate of growth and the structure 
of confined populations. Surgical sterilisation of 67% of adult females significantly 
reduced the growth rate of the population. Mathematical models have also been used 
to simulate fertility control. These indicate that a level of 33% infertility for the duration 
of a breeding season, with each cohort of young being affected at this level, will 
reduce mouse numbers and maintain them below plague densities (< 200 mice per 
hectare in grain growing areas).  

Conclusions. 
Field and laboratory results, as well as computer modelling, all show excellent 
prospects for the use of viral vectored vaccines based on MCMV for managing 
eruptions of mouse populations. However, public acceptability of the technology has 
yet to be confirmed. The issues of species specificity, delivery system stability and 
other potential or perceived risks require open and wide-ranging debate, nationally 
and internationally, before field trials of a genetically modified virus to control 
populations of mammals could occur. 
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Background 
Elephant translocation within South Africa has increased significantly in the last 
decade. Until 1993 only orphaned elephants from the Kruger National Park (KNP) 
culling operations were translocated in significant numbers. A number of newly 
established smaller reserves in South Africa such as Pilanesberg, Umfolozi/Hluhluwe 
and Madikwe were stocked with these juvenile elephants but, after a few years, 
aberrant social behaviour was noted in the reserves containing introduced elephants.  

In 1993 Clem Coetzee developed a method to move adult elephant in Zimbabwe. He 
came to KNP in 1994 to help the local capture team develop the technique, after 
which South Africa National Parks (SANParks) adopted his method and refined the 
equipment to be able to move large numbers of elephants. Since then only complete 
family units and adult bulls have been translocated from KNP and this change of 
policy seems to have solved the behavioural problems seen previously in the 
populations introduced as youngsters. Over 750 elephants in family units and almost 
100 mature bulls have been moved by the KNP capture team in the last 9 years. 

Capture technique 
Elephant capture should only be attempted by experienced personnel using the right 
equipment. Immobilisation of such a large mammal is a very specialist process, and 
this is followed by the considerable practical difficulty of raising the adult elephant off 
the ground and into the recovery vehicle so it can be transported to the new 
destination safely and humanely and without danger to people or traffic. The basic 
equipment required includes; i) a truck with a heavy-duty crane; ii) a recovery trailer 
and winch; iii) a recovery chamber for the elephant to wake up in; iv) a well-
constructed transport container. 

Experienced personnel should accompany elephants being transported over long 
distances as fighting may occur so that tranquilisation could be necessary. 

Most elephants translocated currently from the KNP go to relatively small, but well 
fenced, reserves in Zimbabwe and South Africa. This means they must be exposed 
to electrification before they can be released onto the property. Initially they are 



released into a small holding camp or “boma” of about 1-2 hectares in area so that 
they can become familiar with, and learn to respect, the electric fencing. The boma 
must be well constructed, securely fenced with cables and have a good and 
functional electrification system in place. The elephants should stay in the boma for 
at least 24 h but not so long that they become hungry or bored. The gates must be 
sturdy and should slide rather than swing open. They should also be electrified at all 
times. Supplementary food may be needed if more that one group are to be released 
from the same boma over a short period of time. 

In summary, the capture and translocation of elephants can only be done by 
experienced personnel using specialised equipment. It is expensive (+/-R10,000 per 
elephant, excluding transport) and areas available for translocation are limited, both 
by ecological size and accessibility to the heavy equipment needed. A good 
management plan, a release boma and functional fences are prerequisites before 
elephants can be released into a reserve. Furthermore, planning for future population 
control should be in place. KNP cannot control its elephant population by 
translocation alone since there are not enough accessible areas available to absorb 
the numbers necessary to reduce the population sufficiently to avoid ecological 
damage. 

For the future, few options are available to the KNP to reduce its elephant population 
before serious ecological damage is done. Expansion of the conservation area 
through well-managed Transfrontier Conservation Areas is one option being 
developed currently, but the fences have not yet been removed and the local 
population do not support the concept of large numbers of elephant moving back into 
the areas they now occupy. Application of practical contraceptive methods is a 
second option but this still needs research and refinement. Improved translocation 
equipment able to move large numbers of elephants to areas outside South Africa 
that have had their indigenous elephant population reduced by poaching would be 
desirable although the security of such areas still remains doubtful. Finally, organised 
and controlled culling must almost certainly be re-introduced to quickly stabilise the 
rapidly expanding population of elephant. 
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The decline of Kenya’s elephant population due to runaway poaching for ivory was 
halted in 1989 after the country’s herds had been reduced to only 12% of their former 
numbers. Since then, protection, legislation and conservation of habitat have all been 
effective, such that Kenya’s elephants today number approximately 30,000, up from 
19,000 in 1989. 

So successful have been these measures that the challenge of managing elephants 
nowadays involves conflict resolution where elephants are returning to traditional 
migrations in areas now occupied by people. Fencing elephants into protected areas 
and out of inhabited lands has resulted in damage to fragile and unique habitats in 
some areas, and it is now necessary to manage elephant numbers to protect 
biodiversity. 

Unlike the situation in other parts of Africa, culling of elephant is not an option in 
Kenya. Meat and other products cannot be sold in local or international markets and 
elephant meat is not eaten by most local communities. Moreover, Kenya is home to 
some of the most intense elephant research in Africa, which has revealed the 
complex social and behavioural world of this species. The country is heavily 
dependent on tourism for foreign revenue and the negative impact of culling could 
damage this fragile industry. 

To date, Kenya’s policy on elephant management has involved the creation of 
corridors, elephant sanctuaries and barriers to elephant movement, where human 
lives and property are at risk. Translocation has been adopted as a humane 
alternative to culling, to reduce numbers or to remove problem animals, and 
contraception has been proposed for specific elephant populations. 

Recent research in the Shimba Hills area revealed that the damaging effects of 
elephants are exaggerated by human activity in the form of logging. This population 
of forest-living elephants is divided into a distinct bull area in the dry forest, where 
habitat degradation from tree pushing is most severe, and a family area in the rain 
forest. The density of elephants in this one small protected area ranged from ± 6 per 
km2 to < 1 per km2. 

In rain forest patches, the elephants induced changes in the composition and 



structure of species beneath the canopy. Thus, while rain forests were not being 
converted to grasslands, there were concerns that elephant activity beneath the 
canopy would eventually prevent its re-establishment when old trees died. This effect 
was demonstrated in an experimental design in which exclusion and inclusion of 
elephants was compared. In forests in which gaps had been created by logging, 
elephant activity was intense due to the flush of re-growth. 

In dry forest, elephant activity was much more dramatic and their debarking and 
pushing over of trees had resulted in complete change from forest to open bushland. 
Analysis of aerial photographs revealed that the decline in forest was due to elephant 
activity at the edges, especially by bulls. 

The Shimba Hills is the first protected area in Kenya to be completely surrounded by 
a fence, and this has caused artificial concentration of elephants into a small area. 
Research findings recommended a multi pronged approach to reduce the impact of 
elephants. Namely; 1) Reduction of the population by translocation; 2) Contraception 
or complete sterilisation of females, because of the lack of poaching and the unique 
biodiversity in the area; 3) Expansion of the protected areas by acquisition of more 
land and the creation of corridors; 4) The cessation of logging. 

Towards this end, an experimental translocation of 30 bulls in 1999 proved 
successful and a small expansion of the protected area was achieved concomitantly. 
Logging was prohibited, but the contraception work was not initiated, partly due to a 
lack of follow up and partly because the technology was unproven at that time. 

Following the work in South Africa, it is now realistic for Kenya to initiate immuno-
contraception in elephant populations. However, such a project would require a level 
of scientific sophistication that the government may not be able to provide. For 
example, the work would require individual recognition of the elephants, intense 
monitoring of their movements, behaviour and reproductive status, and it would 
involve radio-tracking, sample collection and analysis, aerial transport and staff 
accommodation. 

Perhaps the most effective way to achieve successful contraception of elephants in 
Kenya would be a partnership between Kenya Wildlife Services and a respected non-
governmental organisation like Save the Elephants. At least three populations of 
varying size living in different habitats could be used initially, including Sweetwaters, 
Shimba Hills and Mwea. This would give the opportunity to explore the application of 
different contraceptive methods under different conditions. Hopefully, a collaboration 
between Kenya and southern African countries could quickly provide guidance for 
other African countries with similar problems of high elephant density and different 
government policies for elephant management. 

The public perception of contraception may be more difficult to accommodate in 



South Africa than Kenya. Revenue from tourism and related activities is the key to 
community support for conservation in Kenya. For example, communities in the 
Shimba Hills made a commitment to conservation and the development of tourism in 
1997 by setting aside land for conservation in the Mwaluganje Elephant Sanctuary, 
an area adjacent to the Shimba Hills Reserve. They now have a game lodge and two 
restaurants and they are responsible for running the sanctuary in conjunction with the 
KWS, a local NGO and the Forest Department. This could become Kenya’s 
showcase for ethical management of elephant populations, with the consequent 
boost to tourism. 

 



Hormonal approaches to male contraception 

 

A Kamischke and E Nieschlag 

Institute of Reproductive Medicine, University of Münster Domagkstr. 11, D - 48129 
Münster, Germany 
 

A potential male contraceptive has to fulfil certain prerequisites before it can be 
considered as a reliable alternative for use in human patients (see Table 1: Nieschlag 
et al. 2000). Current male contraceptive approaches are either highly effective but 
potentially irreversible (vasectomy) or relatively ineffective (condom). For this reason, 
there is considerable interest in developing alternative, testicular and post-testicular, 
methods for male contraception. Of the various theoretical approaches considered, 
the closest to practical implementation is the administration of exogenous hormones. 

Table 1: Prerequisites of an ideal male contraceptive 

An ideal male contraceptive should:  

 

 

The aim of the hormonal approach to male contraception is to suppress 
spermatogenesis and sperm release from the testis, and thus induce azoospermia 
(no sperm in the ejaculate) or a severe oligoasthenozoospermia (few, predominantly 
immotile or poorly motile sperm in the ejaculate). The general principle of this 
approach is to interfere with the endocrine regulation of spermato-genesis. In 
contrast to rodents, normal spermatogenesis in primates is both quantitatively and 
qualitatively strongly dependent on the pituitary gonadotropins LH and FSH which, in 
turn, depend on hypothalamic GnRH for their secretion. FSH acts directly on 
spermatogenesis via specific FSH receptors in the Sertoli cells, whereas LH acts 
indirectly by stimulating testosterone production in the Leydig cells. For successful 



male hormonal contraception, secretion of both gonadotropins needs to be 
suppressed profoundly, so as to arrest spermatogenesis at the spermatogonial stem 
cell level. On the other hand, the resulting extra-testicular androgen deficiency also 
needs to be addressed in order to maintain other androgen dependent functions. For 
this reason, androgens are an essential component of all hormone based male 
contraceptives (Nieschlag et al. 2000). 

With these principles in mind, testosterone was an obvious first candidate as a 
hormonal contraceptive for men; it not only suppresses pituitary LH and FSH 
secretion but simultaneously corrects the circulating testosterone deficiency. Initial 
studies in the 1970s demonstrated that although the oligozoospermia (< 3 x 106/ml) 
induced by testosterone administration was not as effective as azoospermia in 
preventing pregnancy, it still offered better protection than condoms (World Health 
Organization, 1996). However, as in later studies of androgen-only hormonal 
contraceptives, azoospermia was induced in almost all East Asian men but only two 
thirds of Caucasians.  

In an attempt to enhance the efficacy in Caucasians, testosterone was combined with 
other gonadotropin-suppressing substances, such as progestins or GnRH 
antagonists. The combination of testosterone and a GnRH antagonist leads to a 
more rapid onset and complete suppression of sperm production. Unfortunately, the 
preparations currently available are considered unacceptable for practical use. On 
the other hand, new depot preparations and studies suggesting that the GnRH 
antagonist may be needed only during the induction phase, mean that this approach 
may eventually become feasible in practice. 

A combination of androgen and depo-medroxyprogesterone acetate (DMPA) has 
also shown good suppression of spermatogenesis in Caucasian males in some 
studies, but up to 12 % inadequate responders in others. In more recent studies 
using 300 mg DMPA (injected every 3 months) combined with testosterone implants 
(800 mg every 4 months), a rapid initial suppression of spermatogenesis and 
azoospermia was achieved in 49 out of 53 volunteers and no pregnancies (upper 
95% confidence interval for contraceptive failure is 8%) have occurred in 35.5 person 
years (Turner et al. 2003). On the other hand, 15% of subjects discontinued the study 
because of failed suppression or problems with the implants, and the recovery to 
normal semen production appears to be much slower than with other progestins.  

Nineteen-noresthisterone was one of the earliest progestins derived from 
testosterone, has the strongest androgenic activity of all 19-nortestosterone 
derivatives (approximately 10% that of testosterone) and induces profound, rapid and 
sustained suppression of serum FSH and testosterone concentrations in normal men. 
When norethisterone enanthate (NETE) or orally active norethisterone acetate 
(NETA) were combined with injectable testosterone undecanoate (TU), azoospermia 
was achieved in 51 out of 56 volunteers and sperm production dropped below 1 x 



106/ml in a further 4 subjects (Kamischke et al. 2001, 2002). Since TU and NETE 
can be combined in a single injection (both are dissolved in castor oil), a combination 
of these 2 hormones injected at 6 - 10 weekly intervals offers great potential as a 
male contraceptive.  

Orally administered desogestrel (DSG) and its implantable active substance 
etonorgestrel (ENG) have also been shown to powerfully suppress spermatogenesis 
when combined with short-acting testosterone enanthate (100 mg weekly) or 
testosterone pellets (400 mg every 12 weeks). And although azoospermia was 
achieved in only 78% of 102 Caucasian volunteers, the high proportion of men (92%) 
that achieved sperm concentrations < 1 x 106/ml compensated for the relatively low 
rate of azoospermia and confirmed ENG combined with implantable testosterone 
preparations as an interesting approach to male contraception (for review see 
Kamischke and Nieschlag, in press).  

In conclusion, because the contraceptive efficacy of all self-administered androgen 
preparations so far tested has been disappointing, recent studies have focused on a 
combination of either androgen implants or long-acting injectable testosterone esters 
such as TU with potent progestins. In terms of general long-term acceptance, the 
ideal would be to combine both medications in a single application. To date, 
however, the combination of testosterone implants or long-term injectable esters with 
the progestins NET, DSG and DMPA have proven effective in small clinical trials and 
offer most potential for licensing. 
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It is easy to pharmacologically inhibit fertility in virtually any wildlife species. It is not 
easy to establish how to administer those pharmacological agents into a sufficient 
number of intelligent, mobile and often dangerous animals in any given population, 
such that biological goals are achieved in a publicly acceptable manner. Thus, the 
starting point for any wildlife contraceptive programme must be the development of a 
set of “ideal” characteristics for the theoretical antifertility drug for each particular 
species. Such “ideal” characteristics were developed for wild horses in North America 
in 1991 and, over the past 16 years, porcine zona pellucida (PZP) 
immunocontraception has been tested against those characteristics. Its efficacy in 
wild horses and elephants is based on 16 years of treatment of wild horses in > 12 
distinct herds and from 4 years treatment of 31 female elephants in The Kruger 
National Park and 23 cows in Makalali Wildlife Park, both in South Africa. 

For the wild horse herds in North America, and elephant groups in Africa, the “ideal” 
characteristics include i) an efficacy of > 90%; ii) the ability to deliver the drug 
remotely in 1.0 cc darts so as to reduce or eliminate handling or capture-related 
stress; iii) reversibility of contraceptive action to preserve the reproductive and 
genetic integrity of the target animals; iv) safety of administration to pregnant 
animals; v) inability of the agent to pass through the food chain to predators, 
scavengers and humans; vi) lack of significant effect upon social organization or 
behaviour; vii) a lack of harmful or debilitating long-term health side effects; viii) low 
cost. All these “ideals” have been met in both horses and elephants. 

In addition, three levels of progress in the development of a practical wildlife 
contraceptive have been noted; i) demonstration that the contraceptive agent (PZP) 
is pharmacologically effective in the target species (proven for horses and elephants, 
as well as more than 100 other mammalian species), ii) demonstration that the 
contraceptive agent can be delivered to free-ranging wildlife under field conditions 
and, iii) demonstration that a sufficiently large portion of a population can be treated 
to achieve a true population goal. 

It appears that by 2003, the only significant scientific hurdle left to overcome with the 
use of PZP vaccine is the need to deliver a year or more of contraceptive in a single 
inoculation. Currently, animals are treated twice during the first year, once annually 



for the next 2 years and once in alternate years or every third year thereafter. This 
shortcoming can be overcome in two ways. First, a single “primer” dose of vaccine 
can be given in Year 1, without subsequent contraceptive action in that year but with 
the benefit that each animal so treated needs only a single annual booster 
inoculation thereafter. This is the simplest approach and its utility has been proven 
with wild horses. A second approach is to place the immunogen in a slow release 
matrix, and several materials exist which enable this to be accomplished. We have 
used lactide-glycolide pellets that fit into the 14-gauge needle of the dart with some 
success. In wild horses in Nevada, a single treatment resulted in 90% contraception 
in the first year, 83% in the second year and 60% in the third. 

Wildlife contraception, particularly in wild horses and elephants, is attended by 
significant public scrutiny, concern and scepticism, which mean the research team 
must pay close attention to a proactive public education programme. Despite its high 
score in terms of “ideal” characteristics, PZP may not be the optimum contraceptive 
agent for elephants. The natural history, behaviour and even the prevailing public 
attitudes towards the target species, not to mention the logistic problems of 
administering the contraceptive agents to identifiable individuals in the field, must all 
be weighed carefully when attempting to construct a set of working characteristics 
with which to measure the utility of the product in the chosen target species. 
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Progestins, notably medroxy-progesterone acetate (MPA), are potent inhibitors of 
gonadotrophin secretion and have been used widely in steroid-based contraceptive 
regimens in both man and animals. Moreover, we believe that MPA depot treatment 
represents a potentially effective method for controlling fertility and/or aggressive 
musth-related behaviour in male elephants (Loxodonta africana and Elephas 
maximus). MPA is cheap and readily available in large quantities, its actions are very 
well characterised and long lasting, and the contraceptive effects are reversible. 

In man, MPA given as a subcutaneous depot (150-300mg in oil every 3 months) 
induces testicular regression, infertility and low androgen status. MPA can also be 
given in combination with testosterone to enhance effectiveness and maintain male 
sexual behaviour and other androgen-dependent characteristics, as is desired in 
human male contraception (Wu and Aitken 1989; Brady et al. 2003). MPA acts 
primarily through the progesterone receptor to suppress gonadotrophin secretion. In 
red deer (Cervus elaphus), a 150mg depot of MPA given to males in the sexually 
active phase of the annual reproductive cycle blocks gonadotrophin release and 
results, within a month, in the antler casting indicative of testicular inactivity (Muir et 
al. 1982; Suttie et al. 1995). The effect lasts for several months, as evidenced by 
reduced LH/testosterone responses to challenge with gonadotrophin releasing 
hormone (GnRH). The anti-androgenic progestin, cyproterone acetate (CPA), also 
blocks expression of overt rutting characteristics in red deer stags, but is less 
effective than MPA in suppressing testicular activity (Suttie et al.). MPA is used in 
veterinary practice to chronically block testosterone secretion, but may be less 
effective in some species (e.g. the dog; Paramo et al. 1993). 

 

To date, there have been no robust studies of the long-term efficacy of MPA for 
inducing oligo/azoospermia in male elephants (MedLine Search). However, the anti-
androgen flutamide (2500-7500mg/adult male) has been shown to suppress musth 
behaviour in captive/working Asian elephant bulls (Chandrasekharan and Cheeran 
1996). Not only did the highest dose totally block musth behaviour, but the 



subsequent musth did not occur until the normal time in the following season, thereby 
illustrating that it is possible to control the complete annual cycle with a single 
treatment. This has implications for the humane management of elephant bulls in 
captivity (Taylor and Poole 1998). Furthermore, we predict that a single dose of MPA 
(5000mg) would block the musth cycle and render a male elephant infertile for many 
months. A combined MPA and androgen/oestrogen treatment might be a more 
refined method to induce infertility but maintain male behaviour, allowing bulls to 
remain socially dominant.  

The possible contraceptive/management protocol in the wild would take advantage of 
several aspects of elephant physiology and behaviour: 1) Bull elephants are very 
large and it is possible to follow musth cycles in individuals in the wild (Poole 1994). 
2) Most matings are performed by the larger, older (30-50 year old) male elephants 
during the musth phase of the annual reproductive cycle (Poole 1994). Thus, only the 
big, dominant males need to be targeted for steroid-based contraception. 3) 
Dominant bulls suppress musth behaviour in younger subordinates (Slotow et al. 
2000); this favours a treatment that does not affect dominance behaviour of the older 
bulls. 4) Musth appears to be driven by an endogenously generated circannual 
rhythm (Lincoln and Ratnasooriya 1996), which means that blocking the sexually 
active phase of the cycle should not affect the overall timing of an individual’s cycle, 
thus simplifying long-term management. 5) Male elephants may be especially 
sensitive to the negative feedback effects of MPA, since females produce 5 alpha-
reduced progestins, rather than progesterone, to regulate gonadotrophin secretion 
during the oestrous cycle and pregnancy (Hodges et al. 1997). 

We propose that two types of experiments should be conducted:  
A. Phase 1; in captive working/zoo adult Asiatic elephants. An experimental group of 
adult bulls that express musth cycles (e.g. n=10; 20-50 years old animals) would be 
treated with a MPA depot (e.g. 5000mg). Thereafter, the effects on the musth/testis 
cycles could be monitored by regular blood sampling to measure gonadotrophin and 
testosterone secretion (Lincoln and Ratnasooriya 1996; Niemuller and Liptrap 1991), 
ultrasonography to measure testis and accessory organ development (Hildebrandt et 
al. 1998), and behavioural observations to examine the expression of musth. To 
prove an effect of treatment, the same animals could be monitored in the preceding 
or following year as their own controls. In subsequent years, the efficacy of combined 
MPA and testosterone therapy could be examined. 

 

B. Phase 2; would be based on the data from the captive Asian elephants, and 
performed in a well-monitored population of wild African elephants. A group of adult 
bull elephants that express musth cycles (e.g. n=10; 20-50 year old animals in a 
single area) would be identified and treated with a MPA depot (e.g. 5000 mg). The 
effects on musth and other social behaviours would be monitored. The treatment 



would be continued for a minimum of 3 annual cycles, with additional data on birth 
rates in the local elephant population analysed to determine whether treatment was 
having the desired contraceptive effect. 
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The goal of our research is to develop a treatment for chemically sterilizing animals 
that is both safe and effective. Ideally, we would like to identify a compound that: 1) is 
effective in males and females, 2) is effective in many species, 3) has permanent 
effects, 4) is easy to administer, e.g. injectable, and 5) will not sterilise predators of 
the target species.  

With these characteristics in mind, the hypothalamus and anterior pituitary gland 
were considered more appropriate targets than the gonads. Not only are there 
obvious sex differences between the gonads, but there are also species differences 
in the structure of the hormones that stimulate them, i.e. follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH). Of course, the hypothalamus is protected by the 
blood-brain barrier and might not be accessible to compounds designed to inhibit 
reproduction. We therefore decided to target the gonadotropin-secreting cells of the 
anterior pituitary gland, which have receptors for gonadotropin-releasing hormone 
(GnRH), a decapeptide identical in structure across all mammalian species and that 
has been used to regulate reproductive processes in a wide range of species. A 
compound that interrupted reproduction at the level of the gonadotropes would 
satisfy criteria 1 and 2 above, i.e. it would work in both males and females across a 
range of species. The challenge was rather to find a method of permanently disabling 
gonadotrope function. 

Several long-acting formulations of GnRH (or GnRH agonists) have been developed 
that suppress reproduction for as long as they are administered. Shortly after 
treatment ends, however, reproductive function recovers. Our approach was instead 
to conjugate a cytotoxic agent to an analogue of GnRH, and thereby target the cells 
for destruction. If all the gonadotropes could be destroyed, there would be no more 
stimulation to the gonads and the animal would become sterile. After considering 
several cytotoxic agents, we chose a ribosome-inhibiting protein derived from 
pokeweed (Phytolacca americana), pokeweed antiviral protein (PAP). PAP inhibits 
protein synthesis by inactivating 28S rRNA and, in turn, this inhibition of protein 
synthesis leads to cell death. If PAP could be delivered specifically to the 
gonadotropes by conjugation to a GnRH analogue it should allow specific elimination 



of the gonadotropes (other pituitary cell types do not have GnRH binding capacity), 
and thereby act as a chemical sterilizing agent. Because the GnRH-PAP conjugate 
would be digested if administered orally, it would have to be injected. Overall, a 
GnRH-PAP conjugate would thus meet all 5 of our original criteria. 

To test our hypothesis, we first conjugated a superagonist of GnRH (D-Lys6-GnRH) 
to PAP and examined the ability of the conjugate (GnRH-PAP) to bind to GnRH 
receptors in membranes isolated from bovine anterior pituitary glands. Although 
conjugation to PAP reduced the affinity of the superagonist for GnRH receptors by 
~80%, the conjugate still bound to the receptor at a higher affinity than native GnRH. 
Next, we examined the ability of the conjugate to inhibit protein synthesis in an in 
vitro translation system. Conjugation only slightly reduced the ability of PAP to inhibit 
protein synthesis. At this point, we evaluated the ability of the conjugate to 
specifically inhibit synthesis of LH in cultured pituitary cells; the synthesis of LH was 
inhibited by > 95% by GnRH-PAP while the synthesis of prolactin was not affected. In 
short, the conjugate was able to prevent protein synthesis by gonadotropes, but did 
not appear to affect other pituitary cells. Since it was difficult to accurately evaluate 
cytotoxicity in a mixed population of pituitary cells, we next examined the effect of 
GnRH-PAP on Chinese Hamster Ovary (CHO) cells transfected with cDNA for the 
GnRH receptor. The conjugate was cytotoxic to GnRH receptor transfected cells in a 
dose and time dependent manner, whereas it had no effect on CHO cells lacking the 
GnRH receptor. 

To examine the effects of GnRH-PAP in vivo, we treated rats with an amount of 
conjugate equivalent to 20ng of GnRH binding activity. In males, this led to a loss of 
spermatocytes and spermatids and a 50% reduction in testis weight, compared to 
vehicle treated controls (p < 0.05). Peripubertal females treated similarly failed to 
have estrous cycles and, 60 d after treatment, their ovaries contained only atretic 
follicles. Next, we used ovariectomized ewes to determine whether GnRH-PAP could 
reduce secretion of LH in vivo. After a single administration of GnRH-PAP, GnRH-
induced LH secretion was reduced to approximately 50% of that in untreated sheep 
(p < 0.05) for at least 6 months. Finally, we examined the effect of GnRH-PAP on 
testis size, LH and testosterone secretion in male dogs. Four dogs received 0.0042 
mg/kg GnRH-PAP hourly for 36 h (Hourly), while another four dogs were treated with 
a single daily bolus injection of 0.1 mg/kg GnRH-PAP for 3 consecutive days (Bolus). 
One further dog received a single bolus injection of GnRH-PAP (0.1 mg/kg; Single), 
and three control dogs were treated with GnRH alone (Controls). Twenty-five weeks 
after the initial treatment, all treated dogs were given a further single injection of 0.1 
mg/kg GnRH-PAP while controls were injected with 0.0045 mg/kg of GnRH 
analogue. For nine months after treatment, testis size was measured and serum 
samples collected to monitor testosterone and LH concentrations by 
radioimmunoassay. To evaluate LH release capacity, the area under the serum LH 
concentration curve was examined after stimulation with 5 mg/kg GnRH. In summary, 
post-treatment serum testosterone concentrations and testicular volume were 



significantly lower in Bolus and Hourly groups than in Controls (p < 0.05). In addition, 
basal LH concentrations during weeks 1 - 33 after treatment (p < 0.05) and LH 
release after GnRH stimulation were lower in the Bolus and Hourly than the Control 
group (p < 0.05). It is concluded that GnRH-PAP offers considerable promise as an 
agent for inducing chemical sterilization in a wide variety of mammalian species. 
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There are a number of situations in which suppressing the reproductive endocrine 
system in horses may be desirable. These include the competing animal whose 
tractability during training, or performance during athletic competition, is 
compromised by the expression of sexual or aggressive behaviour. Suppression of 
circulating testosterone concentrations has also been proposed as a treatment for 
stallions that shed equine arteritis virus (EAV) in their semen, because persistence of 
the virus in the accessory sex glands is testosterone-dependent, and continued 
shedding disqualifies that stallion and its semen from export to any of the important 
horse-breeding countries. Ablation of endogenous gonadotrophin stimulation may 
also provide a user-friendly means of preparing mares as sex steroid-inducible 
‘teasers’ for semen collection or as recipients for embryo transfer (ET), and could, in 
the future, also represent a means of increasing the efficacy and reducing the 
variability in the response to superovulatory treatment of ET donor mares. In practice, 
the most important current indication for endocrine suppression is behavioural 
control, for which the alternative treatments include long-term progestagen therapy 
and surgical gonadectomy. Of course, the former is banned in athletic competition as 
potentially anabolic, whereas gonadectomy involves the risks of surgery and, if the 
animal in question turns out to be a gifted athlete, the loss of valuable genetic 
material from the breeding pool. In this light, the possibility of reversibly shutting 
down the reproductive endocrine system with a vaccine that induces anti-GnRH 
antibody formation is an attractive prospect. Unfortunately, while initial oil-based 
GnRH vaccines were effective in suppressing hormone production, they were 
unregistrable because of the severe local reactions that they induced. More recent 
vaccine formulations are water-based and induce less reaction, albeit at the cost of 
reduced reliability and a shorter duration of action.  

Our own studies have involved the use of an ovalbumen conjugated GnRH-dimer 
vaccine (Oonk et al. 1998) to examine the efficacy and reversibility of GnRH 
vaccination in young stallions and in adult stallions and mares. In young stallions (3 
years old), a course of two injections induced, from 2 weeks after the ‘booster’ 
injection, a dramatic increase in anti-GnRH antibody titres and an accompanying fall 
in systemic testosterone concentrations to baseline values. Treated stallions also 
showed mark reductions in testicle size, sperm production and sperm quality, and 



depressed libido. However, while approximately 75% of treated animals responded to 
vaccination, the precise magnitude and duration of the effect differed markedly 
between individuals. Reversibility of treatment was demonstrated 11 months later 
when sperm quality and production parameters were similar to those in control 
animals. When the vaccine was tested in retired breeding stallions, only 4 of 8 
responded with the expected fall in circulating testosterone concentrations after the 
initial course of two injections. And while two further stallions responded partially after 
a third injection 12 weeks later, the remaining two failed completely to respond even 
after a 4th vaccination. On the other hand, in the animals that did respond properly, 
testis size, sperm production capacity and sperm quality were reduced below those 
of both control stallions and poor responders. Disappointingly but not unexpectedly, 
response to vaccination had little effect on the intensity of sexual or aggressive 
behaviour in these older stallions. Eight months after the last vaccination, sperm 
production capacity had returned to pre-treatment levels, but sperm quality had yet to 
recover completely. 

 

In adult mares, 3 successive vaccinations at 3-4 week intervals were needed to 
induce ovarian inactivity. Nevertheless, within 4 weeks after the third injection, 6 out 
of 7 mares entered a deep anoestrus characterized by a total absence of 
ultrasonographically visible ovarian follicular activity and circulating progesterone 
concentrations < 1ng/ml. Three of these mares restarted follicular development within 
8 weeks (6-8 weeks) and one ovulated at this time. The remaining 3 mares were still 
completely acyclic 12 weeks after the final vaccination, although the onset of winter 
meant that it was not possible to distinguish clinically between a vaccine and a 
seasonal effect. The following spring, all 3 mares showed renewed ovarian activity. In 
a follow up trial aimed at ablating reproductive cyclicity for the entire breeding 
season, vaccination was performed in early March and repeated 3, 6 and 17 weeks 
later. As previously, 3 of 4 naive mares entered anoestrous within 2 weeks of the 
third vaccination. More surprisingly, while 2 of 4 previously vaccinated mares entered 
anoestrus soon after the first seasonal vaccination and remained acyclic for the entire 
breeding season, one previous responder failed totally to respond and another was 
rendered acyclic for only 4 weeks, shortly after the 3rd vaccination. In addition, 
treated mares showed irregular but occasionally strong oestrous behaviour, despite 
complete ovarian inactivity.  

In conclusion, these studies confirm earlier reports that GnRH vaccination is a 
successful and reversible way of suppressing reproductive endocrine activity and 
sex-steroid induced behaviour in young horses. In older animals, the response rate 
tends to be lower and to require more injections to elicit a clinical effect of shorter 
duration. In addition, significant injection site reactions have been noted in older 
animals that would reduce its suitability in competing animals. Finally, older animals 
continued to exhibit sexual behaviour despite baseline gonadal steroid hormone 



production. In terms of the utility of this treatment as a contraceptive, responding 
mares would be rendered temporarily infertile whereas, despite lowered sperm 
production and quality, most stallions would have remained capable of getting mares 
pregnant. In practical terms, the need for repeated injections to induce a clinical 
response would limit the use of this vaccine to only those feral or wild populations 
where individuals are readily tracked and identified. 
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Successful immunization against gonadotropin releasing hormone (GnRH) results in 
the production of antibodies that bind to and inactivate the native hormone, and 
thereby suppresses fertility in mammals. Inactivation of GnRH results, in turn, in 
reduced production and secretion of luteinising hormone (LH) and, to a lesser 
degree, follicle-stimulating hormone (FSH). In female mammals, the reduced levels of 
FSH and LH lead to a failure of follicle growth and ovulation, respectively, while in 
males low LH and FSH levels lead to reduced testis function, e.g. suppressed 
testicular steroid production, and a resulting fall in both libido and sperm production.  

However, because GnRH is a small ‘self’ molecule, it is difficult to induce an immune 
response sufficient to neutralize the release of GnRH from the hypothalamus. 
Consequently, vaccines based on native GnRH are only moderately effective, and 
induction of an acceptable response requires aggressive adjuvants and multiple 
injections. To solve this problem of low intrinsic antigenicity, we extended the GnRH 
antigen into a tandem dimer molecule, introduced foreign amino acids and 
conjugated the resulting peptide to a carrier protein.  

Most of the clinical trials of the GnRH immunosterilization vaccine were performed on 
male piglets, for which there is a practical desire to prevent the development of “boar 
taint”, a phenomenon induced by testicular steroid hormones. These trials 
demonstrated that, after two immunisations, testosterone concentrations are reduced 
to undetectable levels, and the development and function of the genital glands is 
halted completely. Efficacy of the vaccine in young male piglets is almost 100%, and 
poorly responding pigs can easily be distinguished by the larger size of their testes 
and scrotum. In female piglets, vaccination resulted in lowered circulating LH 
concentrations and a cessation of ovarian function, as evidenced by low inhibin 
levels and the absence of follicles and corpora lutea on the ovaries. 

In sexually mature pony stallions, a primary course of 2 injections was sufficient to 
reduce testosterone concentrations to baseline values in all 4 treated stallions for the 
duration of the experiment (13 weeks). In addition, testis function was suppressed in 
3 out of the 4 stallions, as witnessed by reduced sperm motility, a lower Johnson 
score (a measure of spermatogenic activity), a reduction in seminiferous tubule 



diameter and a substantial decrease in testis size.  

Recently, we modified the GnRH immunosterilization vaccine for the treatment of 
prostate cancer in men. In fact, it transpired that the prostate cancer vaccine (PCV) 
was superior to the original immunosterilization vaccine (ISV) for suppressing 
reproductive function in sexually mature boars and male rats. In both of the latter 
species, the PCV induced a rapid suppression of serum testosterone levels and 
atrophy of the genital glands in all treated animals. In the pig study, 3-5 years old 
boars were immunized twice at a 4-week interval. None of the boars treated with ISV 
had responded after an initial course of 2 immunizations, whereas two out of four 
boars treated with PCV exhibited baseline serum testosterone concentrations within 
three weeks after the second injection. A third immunization caused the serum 
testosterone concentrations to drop to zero in all four boars in the PCV group. By 
contrast, a measurable biological response was effected in 3 out of 4 boars in the ISV 
group only after a fourth consecutive immunization. In the early responding (PCV) 
boars, GnRH antibody titres rose rapidly and remained high until the end of the study. 
Twenty-five weeks after the initial immunization, the boars were slaughtered and their 
testes and accessory genital glands were weighed. Testes of control boars 
consistently weighed in excess of 550 grams, whereas testes of all boars treated with 
PCV weighed less than 400 g. By contrast, only three of the boars treated with ISV 
had testes that weighed less than the control animals and the testes of the non-
responder reached 580 g. Examination of seminal vesicle development revealed an 
even more pronounced effect of successful vaccination. Six out of 8 vaccinated boars 
(4 PCV and 2 ISV), had seminal vesicles weighing less than 200 g, whereas the 
seminal vesicles of control boars exceeded 800 g. In addition, libido was suppressed 
in 3 of the vaccinated boars (2 PCV and 1 ISV), while sperm quality was reduced in 3 
other vaccinated animals (2 PCV and 1 ISV). In rats, similar results were observed 
with circulating testosterone concentrations beginning to drop 2 weeks after the 
second immunization with PCV (4-week interval between vaccinations) and reaching 
baseline levels a further 4 weeks later. 

In conclusion, immunisation with the modified GnRH tandem-dimer vaccine leads to 
a rapid suppression of circulating testosterone concentrations. This vaccine, 
therefore, represents a promising potential treatment for hormone-dependent 
prostate cancer, and for suppressing fertility. 

 



The feasibility of current options for the 
management of wild elephant populations 

IJ Whyte 

Kruger National Park, Skukuza 1350, South Africa 
 

There is now ample evidence that in game reserves in which elephants are 
adequately protected from poaching their numbers will increase to the point where 
they begin to have negative impacts on biodiversity. Initially this may only affect the 
structural diversity of habitats but as elephant numbers continue to increase, some 
other species will be lost from the system. Generally, woodlands are changed to 
grasslands so that all species which are dependant upon woodland habitats may be 
extirpated. 

The decision whether elephant numbers in any reserve should be limited must be 
based on the management priorities set for the reserve. If biodiversity is a priority, 
something must be done to limit the elephant population to a level at which their 
impacts will not have negative consequences for other species. And if the priorities 
for such reserves have not been clearly defined, management will be directionless 
and muddled. 

In reserves in which biodiversity has been defined as the management priority, what 
options are available for managing elephants? Three only – translocation, 
contraception and culling. While the first two non-lethal options seem more ethically 
acceptable, they have their problems. 

Translocation 
Opportunities for translocations are now very limited. Most areas in Southern Africa 
that could potentially accommodate elephants now have them, while those that still 
can (e.g. Limpopo National Park in Mozambique), will not be able to take the 
numbers that need to be moved. While this method of population management may 
seem to be ethically acceptable it can seldom be established with certainty whether 
family units are moved intact or some members are left behind. The effects of such 
separation are not yet well understood. 

Contraception 
Current contraception technology is of limited value for controlling large populations. 
While porcine zona pellucida (pZP) vaccines have been shown to be effective and 
acceptable in elephants, oestrogen (oestradiol-17ß) implants caused behavioural 
aberrations and other unacceptable post-treatment effects. But regardless, the 
logistics of both techniques preclude their use. To stabilize an elephant population, 



75% of all breeding females (i.e. 35% of the total population) must be constantly 
under treatment. These animals all require “boosters” at specific times, which means 
they must be individually locatable and therefore fitted with a radio collar. These 
requirements all push the financial and logistic costs to an unaffordable level for most 
conservation agencies. 

Sterilization has the major drawback of irreversibility. Any population being regulated 
in this manner would be severely at risk from epidemics of either poaching or disease 
and its ability to recover would be greatly impaired if most of the adults (females or 
males) had been permanently sterilized. 

A final problem with all contraception techniques is that they cannot reduce a 
population in the short term. Once a population has been stabilized by contraception, 
there will be a time lag before natural mortalities will eventually begin to reduce it.  

Culling 
Culling is the third option and, currently, is the only one that can solve the problems 
of over-abundance in a large population. However, it is an extremely emotive subject, 
particularly when applied to elephants. While culling elephants may be an anathema 
to some, it is usually seen by those concerned with the maintenance of biodiversity 
as a necessary evil – one which must be used in situations where translocation and 
contraception are not implementable. 

The advantages of culling are that, in large populations, the over-population problem 
can be addressed successfully. Also, the processed by-products of culling (meat, 
hides, ivory, etc.) can be sold profitably to provide conservation activities, such as 
anti-poaching, with much needed funding. Disadvantages? a certain amount of 
disturbance to nearby related groups, the degree of which will depend on proximity 
and will be worst when a large group must be split. However, such disturbance is 
identical to that which accompanies translocation. The impacts come from the 
disturbances of the operation itself and from the longer-term effects of the loss of 
bond group or family members. 

The major ethical question associated with culling is: Is it morally justifiable to kill 
elephants? Some Western cultures may find culling ethically unacceptable. But the 
question must be asked, whose ethics should apply? To a rural African with little 
access to protein, an average Westerner, or an animal rights campaigner, ethical 
elephant management will mean very different things. 

While many believe that culling is not ethical, it must be understood that the culling 
option has to be weighed up against the losses of whole populations of other 
species. Loss of a species from a system will have its effects on biodiversity and the 
system’s food webs, and such a loss may even mean the complete extinction of that 
species. These species losses will occur if elephant numbers are not limited by some 



means. Therefore one must ask, is it ethical to allow species to be lost from a system 
when prevention is possible 

 



Report 

The First International Workshop on the “Control of Wild Elephant Populations” was 
convened at the Golden Tulip Hotel in Beekbergen, The Netherlands, during 7th and 
8th November 2003. This workshop was initiated by Mr. Paul Fentener van 
Vlissingen, sponsored by the Prince Bernhard Nature Fund and organised by the 
Faculty of Veterinary Medicine of Utrecht University. The twenty-one experts that 
participated in the workshop were drawn from 9 countries and included veterinary 
scientists, biologists and wildlife managers. A total of 20 papers were presented on a 
range of topics that included: 1) management strategies and population control 
mechanisms already in place in major game parks in South Africa, Zimbabwe and 
Kenya; 2) ongoing experiments in Kruger National Park and Makalale Reserve in 
Northern Transvaal to suppress conception rates in female elephants by dart-
delivered active immunisation against ZP3, the principal sperm binding protein in the 
zona pellucida; 3) current research programmes in academic institutions worldwide 
on immunocontraception in female and male large domestic and wild animal species, 
using various preparations of ZP3 or gonadotrophin-releasing hormone (GnRH) as 
immunogen and a range of synthetic oil or water based preparations as adjuvant; 4) 
novel methods of achieving contraception or infertility in pest species, such as the 
house mouse in Australia and possum in New Zealand, based on the incorporation of 
a reproductive immunogen into either the genetic material of a species-specific non-
lethal virus or into bacterial ghosts; and 5) the actions of specific chemicals on the 
morphology and functionality of spermatozoa while in the epididymis, and the effects 
of exogenous androgens and progestagens or GnRH antagonists or vaccines on 
testicular function and libido in prepubertal and mature men and male animals. 

In frank and wide-ranging discussion sessions that followed each group of papers, 
differing views and strategies were debated rigorously and, wherever possible, a 
consensus opinion was reached. As a result of the great deal of new information 
presented and the ensuing discussions, a number of broad conclusions and 
recommendations were reached: 

1. Preliminary experiments to induce contraception in adult female elephants have 
yielded promising results. Selected females in the large herd of 11,000 elephants 
within the boundaries of the Kruger National Park and all 18 adult females in the 
much smaller herd of 60 elephants maintained in the Makalale Reserve, have been 
actively immunised against ZP3. At the same time, challenges with regard to 
immunogen delivery, preparation of the optimum adjuvant and recognition of 
immunised animals for monitoring and revaccination, are being actively investigated. 
The Workshop is unanimous in recommending strongly that adequate funding and 
practical help be made available to ensure that further vaccination field trials planned 
for Kruger Park and other smaller public and private game parks in South Africa and 
neighbouring Botswana can be undertaken. 

2. Despite the considerable success of the relocation strategy used by Kruger 



National Park in recent years, and justified optimism that an efficacious method for 
inducing harmless and reversible contraception in larger elephant herds will be 
developed in coming years, organised culling remains a necessary method for 
controlling unwanted increases in, or achieving rapid reductions in, certain elephant 
populations. Most notably, those populations in Kruger Park, Hwange Park and 
surrounding areas in Zimbabwe and in clearly defined areas in Botswana need 
urgent attention. The Workshop recommends that the expertise of the relocation 
teams in Kruger Park be made available to other game parks and countries in 
southern and eastern Africa to assist necessary culling operations. The Workshop is 
also very aware and approving of the considerable potential benefits that may and 
should accrue to local populations and park management authorities as a result of 
well-organised culling operations, including the provision of food and cash from the 
sale of ivory and other by-products. 

3. The Workshop was much alarmed to learn of the dangerous elephant 
overpopulation of Hwange National Park and surrounding areas in Zimbabwe, and of 
the huge scale “die-off” that will almost certainly occur if drastic action is not taken to 
reduce the population by some 20,000 animals over the next 2-3 years. The negative 
effects of such an “elephant holocaust”, in terms of animal welfare and biodiversity of 
plant and other animal species in the area, are too horrendous to contemplate and 
the impending disaster simply cannot be allowed to occur. The Workshop therefore 
urges that every possible and necessary political, financial and logistic step be 
undertaken urgently to enable a major culling operation in Zimbabwe to relieve this 
intense overpopulation pressure. 

4. The Workshop appreciates greatly the many university, research institute and 
industry-led research groups worldwide that are actively investigating novel methods 
for inducing effective contraception in male and female humans and domestic and 
wild animal species. Much of this work was presented and/or discussed at the 
Workshop and many useful scientific contacts were made. It is important that these 
“other species” research groups remain aware of, and interested in, the problems 
faced in elephant population control and continue in their willingness to share new 
ideas and techniques with colleagues at the “elephant coal-face”. It is, therefore, 
essential that non-elephant contraceptive experts remain an active part of the 
Workshop in future years. 

5. In view of the practical and logistical difficulties associated with the identification 
and location of individual animals, which is a vital step in implementing existing 
contraceptive methods which require multiple carefully-timed injections of 
immunogen, the Workshop urges that time and money be devoted to developing and 
refining a method of multiple time-delayed repeated immunogen delivery within a 
single dart. The Workshop was also greatly impressed by recent advances in the 
technique for permanently and specifically ablating gonadtroph cells in the pituitary 
glands of target species using a single injection of a potent GnRH agonist conjugated 
to a cytotoxin such as the ribosome inhibiting protein, pokeweed anti-viral protein 



(PAP). Such a single-administration, minimally invasive treatment that has the 
potential to induce permanent sterility in targeted animals could be applicable to wild 
elephants. For example, it could potentially be employed to ablate reproductive 
function and suppress oestrous cyclicity in every 3rd or 4th adult female in elephant 
family groups, thereby lowering overall fertility of the population while maintaining the 
necessary broad base to the pyramidal family structure. The Workshop thus suggests 
that, as soon as practically and scientifically possible, this strategy of gonadotroph 
ablation be tested in a suitable, small game park elephant population.  

6. Although a variety of useful treatment regimes for inducing temporary infertility and 
down-regulating libido in adult males of large animal species like the horse and cow 
are available, the Workshop does not currently foresee an application of such 
techniques for contraceptive purposes in large herd situations. Ablation of musth and 
reproductive function in large mating bulls, even if it were possible, may simply mean 
that younger, less genetically desirable bulls quickly rise up and assume the mating 
role within that population. On the other hand, these treatments do offer considerable 
potential for controlling fertility in small herds, or sexual and aggressive behaviour in 
problem bulls. 

7. Clearly, computer models based on available population growth and demographic 
data need to be created to accurately predict the number or proportion of animals 
that need to be removed, permanently or reversibly sterilised in order to maintain 
numbers in a given elephant population within desired limits for a prolonged period of 
time. These models should also take into account the fact that the chosen strategy 
must allow the population in question to retain the flexibility to respond to 
unpredictable challenges, such as severe drought or disease. Ideally, any new model 
should also be able to predict the effect of a given contraceptive strategy on family 
structure and social or sexual interactions. 

In conclusion, the First Workshop on the Control of Wild Elephant Populations was a 
resounding success, both scientifically and socially. A mood of enthusiasm and 
scientific cooperation pervaded the meeting and there was unanimous agreement 
amongst the participants that considerable benefits could be gained from a further 
meeting in 2-3 years time. In the interim, the members are resolved to maintain close 
collaborative links and to do everything possible to further the aims expressed in the 
recommendations made above. Warm and very generous appreciation is extended to 
Mr. Paul van Vlissingen and the Prince Bernhard Nature Fund for their foresight and 
generosity in creating this useful gathering. 



 

 



Conclusions 

MANAGING AFRICAN ELEPHANT POPULATIONS: ACT OR LET DIE? 

In several African countries, elephant populations are growing at an alarming rate, as 
high as 5-10% per annum. Such population expansion is not sustainable and, despite 
the huge tracts of land open to elephants, it is already having a devastating effect on 
a number of unique ecosystems and the biodiversity (plant and animal) within them. 
To avoid an ecological catastrophe culminating in a mass die-off of elephants, urgent 
action is needed to reduce elephant numbers. Even then, further long-term 
population control strategies must be implemented if the apocalypse is to be 
prevented rather than just postponed. With this in mind, an expert consultation on the 
“Control of Wild Elephant Populations” was organised by Utrecht University’s Faculty 
of Veterinary Medicine in Beekbergen, The Netherlands on 7th – 8th November, 
2003. Twenty-one international experts in fields ranging from reproductive physiology 
and contraception to population dynamics and game-park management attended the 
meeting, and came to the following conclusions: 

1. In many of the more then 35 African countries that are home to wild elephants, 
populations are or have historically been endangered by poaching and habitat 
destruction. However, in several parks where the elephants are well protected, 
populations are now growing at such a rate that other animal species and plants are 
being driven to extinction and, due to destruction of the vegetation, a mass die-off of 
elephant is fast becoming inevitable. 

2. The approach to controlling elephant numbers depends primarily on the aim of a 
given park; i.e. is it primarily an elephant sanctuary or an area dedicated to 
conserving as great as possible a diversity of species and habitats. If the aim is 
biodiversity and the elephant population density is already well above the carrying 
capacity, immediate population reduction is the only answer. Although this could, in 
theory, be achieved by translocating groups of elephants to new areas, translocation 
is expensive, time-consuming and logistically complex and, moreover, there are very 
few areas left to accommodate the large numbers of animals involved. Indeed, in 
some areas, the numbers of elephants are so large, that the only realistic way of 
bringing the population under control is culling. 

3. Contraceptive techniques have been developed that successfully control 
population growth in feral horses and are being developed for pest species such as 
mice and possums. While such anti-fertility treatments are very useful for reducing 
the rate of population growth in the longer term, they are certainly not suitable for 
reducing numbers of a long-lived and late reproducing species, like the elephant, in 
the short term.  

4. Techniques exist to exert reversible or irreversible contraception on male and/or 
female animals. Indeed, there are already encouraging results from field trials of anti- 



zona pellucida vaccination of female elephants (a treatment that should block 
fertilisation) and pilot trials have begun with a GnRH vaccine in male elephants 
(vaccination should block sperm production and suppress sexual behaviour in males 
and prevent follicle development and ovulation in females). Further studies are 
needed to examine the effects, efficacy, reversibility and in-field practicality of these 
and other putative contraceptives. Ideally, the bulk of this development will be 
achieved using in vitro or other-species models, since the 4-year calving interval in 
elephants means that field trials yield meaningful results only slowly.  

 

5. The way in which the presence and behaviour of a dominant bull suppresses 
reproductive activity in other male elephants and, at least in captivity, can lead to 
temporary infertility should be investigated. This may lead to novel contraceptive 
approaches tailored to male elephants. 

6. Demographic models need to be developed, using existing and new, targeted field 
data, to predict the effects of elephant removal and/or contraception on population 
growth and conservation targets. Field data on the natural factors, such as food 
resources, that affect population growth will improve the accuracy of these models, 
which could then be used to identify the best strategy, and the proportion of animals 
that need to be included, to control a given population. 

7. The expert group makes a call for international political will and financial support 
to: 

a. Preserve eco-systems in Africa 

· By protective measures for animals and plants, 

· By urgent reduction of elephant numbers where needed, through translocation and 
culling. 

· By reducing elephant population growth via fertility control 

b. Study population dynamics in elephants and the factors that affect it, so as to 
enable reliable modelling of the effects of protective and control measures on 
population growth, social structure and behaviour. 

c. Improve existing and develop novel methods of contraception for the elephant. 

 
Disclaimer 
 
The Conclusions are based on the general consensus of opinion reached during the 



workshop and may, therefore, not express the personal opinion of all the individual 
participants. 
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